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STATE OF CONNECTICUT 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

1X-26-94 

Tim Evans 
Halliburton NUS Corporation 
993 Old Eagle School Road, Suite 415 
Wayne, Pennsylvania 19087-1710 

Mr. Evans: 

This office has reviewed the Work Plan for Waste Oil Tank No. 10 and Building 
325 No. 2 Fuel Oil (August 1994) and the Site Characterization Report for Waste 
Oil Tank #5, both for the Naval Submarine Base, Groton, CT. 

Both the work plan and the characterization report appear satisfactory, 
provided flame ionization detectors are used instead of photoionization 
detectors. FIDs are more sensitive to semi-volatiles and should be used 
consistently throughout the investigation and remediation project. 

\ 

Supervisory Environmental Analyst 
UST Enforcement Program \ 

( Printed on Recycled Paper ) 

79 Elm Street l Hartford. CT 06106 - 5127 
An Equal Opportunity Employer 



661 ANDERSEN DRIVE * PITTSBURGH, PENNSYLVANIA 15220-2745 (412) 421-70Y0 

c-49-09-4-366 

October 6, 1994 

Halliburton NUS Project No. 9594 

Commanding Officer, Northern Division 
Naval Facilities Engineering Command 
18 Industrial Highway 
Mail Stop #82 
Lester, Pennsylvania 19113-2090 

Attention: Mr. Brian Helland 

Reference: CLEAN Contract N62472-90-D-1298 
Contract Task Order No. 0129 
Cost impact Letter No. 6 

Subject: Draft Work Plan for Waste Oil Tank 10 and 
Building 325 No. 2 Fuel Oil Tanks 
Naval Submarine Base - New London, Groton, Connecticut 

Dear Mr. Helland: 

Enclosed are six (6) copies of the final draft of the subject document. Three (3) copies have been sent to 
Bob Brown at the Naval Submarine Base - New London, and four (4) copies have been sent to Scott 
Deshesy at the Connecticut Department of Environmental Protection. 

The document has been revised based on your review letter dated September 13, 1994, addressing the 
addition of two monitoring wells downgradient of the oil/water separator. Revisions were also made based 
on the telephone conversation between Mr. Deshesy and Tim Evans (Halliburton NUS) on September 23, 
1994, addressing the use of a FID instead of a PID monitoring device. 

If you have any question concerning this document, please contact me at (412) 9218418. 

Very truly yours, , 

,_ I- 
T a 

ew G. Cochran, P.G. 
Project Manager 

MGC/tak 
Enclosures 
Cc: Mr. Roger Boucher, NORTHDIV (Letter Only) 

Mr. Bob Brown, Naval Submarine Base - New London 
Mr. Scott Deshesy, Connecticut Department of Environmental Protection, Hartford 
Mr. John Trepanowski, Halliburton NUS, Wayne (Letter Only) 
Ms. Debra Wrobleski, Halliburton NUS, Pittsburgh (Letter Only) 
File: CT0 0129 
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I .O INTRODUCTION 

1.1 AUTHORIZATION 

The Northern Division of the Naval Facilities Engineering Command (NAVFAC) issued Contract Task Order 

(CTO) 0129 under the Comprehenslve Long-Term Environmental Action Navy (CLEAN) Contract 

No. N62472-90-D-1296 to Halliburton NUS Corporation (Hallibutton NUS). The CT0 is an assignment to 

perform remedial investigation activities at Subase-New London, located in Groton, Connecticut. 

A Scope Change Letter dated April 11, 1994, and subsequent conversations with the Navy, directed 

Halliburton NUS to perform investigation activities at Waste Oil Tank 10 (OT-lo), and an associated tank an 

oil/water separator, and also at two No. 2 fuel oil tanks adjacent to Building 325. Halliburton NUS 

responded to the Scope Change Letter by preparing a Cost Impact Letter dated May 3, 1994. The scope 

of work was negotiated on June 1, 1994 and a Confirmation of Negotiation Letter was submitted to the Navy 

on June 4, 1994. 

This section is the introduction to the Work Plan which specifically addresses the additional field activities 

authorized as described above. Section 1 also includes a discussion of the scope and objectives in addition 

to a description and history of the tanks being investigated. Section 2 contains a detailed description of the 

required work tasks, and Section 3 provides the details of the field activities. Appendix A contains 

Halliburton Standard Operating Procedures (SOPS) and ASTM method descriptions. Appendix B contains 

field investigation forms. 

All field activities described in this Work Plan will be conducted in accordance with the existing Quality 

Assurance Project Plan (QAPP) and Health and Safety Plan (HASP). 

1.2 SCOPE AND OBJECTIVES 

The primary objective of this investigation is to collect the necessary data to determine the environmental 

impacts that the waste oil tanks at OT-10 and the fuel oil tanks at Building 325 may have had on the 

surrounding soil and groundwater. Following the data collection phase, remedial alternatives will be 

presented in the Site Investigation Report, if necessary. The two waste oil tanks and oil/water separator at 

OT-10 and one tank at B-325 will be kept in service; the other tank at B-325 is scheduled to be removed and 

permanently abandoned. Specific objectives of the project are as follows: 

R-07-94-17 l-l 



0 To determine the magnitude and extent of petroleum-related contamination in Soil Or 

groundwater that may be present near the waste oil tanks at OT-10 and the two No. 2 fuel oil 

tanks at B-325. 

0 To establish a permanent leak detection system for the tanks remaining in service, including the 

OT-10 tanks and one of the No. 2 fuel oil tanks at B-325, concurrent with Federal regulations 

40 CFR Part 280. 

1.3 TANK DESCRIPTION AND SITE HISTORY 

1.3.1 OT-10 

The tanks at OT-10 are located in the southern portion of Subase-New London, immediately north of Crystal 

Lake Road and between Sculpin Avenue and Tang Avenue and adjacent to Waste Oil Tank 5 (OTXI5). The 

oil/water separator system which exists at OT-IO consists of a sump, a 30,000-gallon bilge water storage 

tank (registration number NN-03) an oil/water separator, and a lO,OOO-gallon waste oil tank (registration 

number NN-02). Oily bilge water is transported by truck to the site, discharged at a truck dumping pad to 

a sump, and then routed via an a-inch line to tank NNXr3 for holding. The bilge water is then pumped to 

the oil/water separator through a lx-inch line. Waste water from the separator is sent by a 3-inch line to 

the sanitary sewer line on Tang Avenue and then to the sewage pumping plant located east of the Nautilus 

Museum and west of Military Highway. Waste oil from the separator is directed to tank NN-02. Construction 

details of NN-02 indicate this tank is made of fiberglass and was installed in 1981. The top of the tank is 

located approximately 4 feet below grade, and the bottom of the tank is approximately 12 feet below grade. 

Construction details of the larger tank (NN-03) could not be obtained, although it is reported that this tank 

is made of unlined steel and was installed in 1989. 

In early 1993 the 30,000-gallon tank was pumped out, and the debris clogging the pumps was removed. 

The tank was then steam cleaned. The 10,000-gallon tank was also pumped out but could not be steam 

cleaned because groundwater continually filled the tank after being emptied. Site personnel report that the 

ftoor of the lO,OOO-gallon tank lacked a striker plate below the dipstick hole and had been punctured by the 

dipstick when the product level in the tank was being checked. A contractor subsequently patched the tank. 

NO tightness test has been performed on this tank and the associated piping. It is unknown, but likely, that 

Product escaped from tank NN82. In addition, in Septemer 1994, groundwater was noted to have infiltrated 

the oil/water separator. No releases have been reported from tank NN-03 or the oil/water separator. 

Groundwater monitoring systems for these tanks have not been installed. 

R-07-94-17 l-2 



In early 1994 Halliburton NUS performed field work in support of a Site Characterization Report (SCR) 

(Halliburton NUS, April 1994) for a nearby waste oil tank (OT-05). Waste Oil Tank 5 (OT-05) is a cylindrical 

reinforced concrete tank, approximately 112 feet in diameter and 11 feet deep. A concrete slab covers the 

tank and is supported by 37 concrete columns spaced 16 feet on center. The OT-05 tank capacity is 

approximately 750,000 gallons. The top of the tank is approximately 5 feet beneath the ground surface, and 

the base of the tank is approximately 17 feet beneath ground surface. Drilling results from Halliburton NUS’ 

field operations indicate the soils underlying the site are composed of fine- to coarse- grained sand with 

some silt and gravel. The water table is approximately 4 feet below ground surface. The inferred 

groundwater flow direction is west-southwest directly towards the Thames River. 

The tanks at OT-10 are approximately 480 feet southeast of the Spent Acid Storage and Disposal Area, 

which is located south of Buildings 409 and 410. The Spent Acid Storage and Disposal Area is being 

investigated as part of the Installation Restoration Program (IRP) Phase II Remedial Investigation (RI) at the 

Subase. 

1.3.2 B-325 

Two No. 2 fuel oil tanks exist at B-325. One tank is located south of Building 325 and north of Triton Avenue 

in the Advanced Weapons Facility of Subase-New London. This tank (registration number R02) was installed 

in September 1991. It is constructed of unlined double-walled steel, coated with a coal tar epoxy-polyamide 

paint, and equipped with a low liquid level monitoring system. The tank is 21 feet long and 9 feet in 

diameter. The top of the tank is approximately 4 feet below grade, and the bottom of the tank is 

approximately 13 feet below grade. It is attached to a cement tiedown pad and has piping connections 

to Building 325. It has a capacity of 15,000 gallons and is the primary tank that supplies No. 2 fuel oil to 

the steam boiler in Building 325 for onsite heating. In December 1993 up to 26 inches of water were 

detected in the tank, suggesting a possible leak. The fuel oil and water were emptied from the tank, and 

the tank was placed temporarily out of service. In May 1994, the soil overlying the tank was removed to 

uncover the top of the tank, and a contractor entered and cleaned the tank. Upon visual inspection, the 

contractor found no structural faults with the tank. However, the fill and vent lines failed a tightness test. 

During the tightness test, air leaked from both the fill and vent lines, but water was also observed to be 

leaking from the vent line. The lines are expected to be replaced. 

The other No. 2 fuel oil tank (registration number ROlRl) at B-325 is located adjacent to and south of 

Building 325 in the Advanced Weapons Facility of Subase-New London. Constructions details of tank ROl Rl 

were not available except that it was installed in February 1989 and is constructed of steel. It has a concrete 

secondary containment, which is partially above ground surface, and the top of the tank is approximately 

R-07-94-1 7 l-3 



even with grade. The tank has a capacity of 10,000 gallons and is the secondary tank that supplies No. 2 

fuel oil to the steam boiler in Building 325 for onsite heating. 

An unknown quantity of fuel oil was reported to have been released from tank ROlRl in early 1993. The 

release was contained within its concrete secondary containment. Cracks have been noted in the concrete 

secondary containment, and lt is unknown whether any fuel oil escaped. The tank is presently out of 

service, and all product has been removed from the tank. It is intended to be permanently removed and 

abandoned. 

There is no evidence that either tank (ROlRl or R02) contained any material other than No. 2 fuel oil. 

In March 1994 Halliburton NUS performed field work around Building 325 in the Advanced Weapons Facility 

of Subase-New London as part of the Installation Restoration Program (IRP) Phase II Remedial Investigation 

(RI). Results from the drilling activities of this field work identify the soils to be a fine- to coarse-grained 

gravel with trace silt and sand overlying a fine- to medium- grained sand with trace mica and silt. The depth 

to the bedrock surface varies from 3 feet to 32 feet below ground surface. The water table is approximately 

3.5 feet below ground surface with the inferred groundwater flow direction to the west-southwest towards 

the Thames River. 

Other monitoring wells and soil borings in the vicinity of this site indicate that soil and groundwater in this 

area have some contamination present, but no contamination from fuel by-products was detected. 
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2.0 WORK TASKS 

A total of three work tasks were identified in the Navy Scope Change Letter and are described in this 

section. 

2.1 TASK 1 - WORK PLAN 

This task includes preparation of a draft and final version of a work plan, which is this document. The work 

plan includes detailed procedures for completing the scope of work and will be used as a reference 

document by Halliburton NUS and Navy personnel for completing the work activities. 

2.2 TASK 2 - FIELD WORK 

The field work activities will consist of soil borings and monitoring well installations and soil and groundwater 

sampling. A detailed discussion of the necessary subtasks to complete the field work are included in 

Section 3 of this Work Plan. 

2.3 TASK 3 - REPORT 

A preliminary draft, draft, and final report will be completed for this project that will summarize the results 

of the investigation. The report will include a sfte map showing the sample locations at each of the two 

sites, a cross-section figure for each site, and tables comparing contaminant concentrations to regulatory 

standards. No more than three remedial alternatives will be evaluated and recommendations will be made 

regarding the most cost effective alternative. It may be necessary to collect additional data in a second 

investigative phase if the intended objectives of the investigation are not met. If this is the case, then 

recommendations for additional work will be made instead of remedial alternatives, evaluations, and 

recommendations. An addendum to the report will be completed (if necessary) and include the results of 

the second investigative phase and remedial alternatives, evaluations, and recommendations. The report 

format will be as follows: 

l Section 1 - Introduction 

0 Section 2 - Field Activities Methodology 

R-07-94- 17 2-1 



0 Section 3 - Investigation Results 

0 Section 4 - Remedial Alternatives and/or Recommendations For Additional Work 

Additional material will be included as appendices (i.e., calculations, well logs). 

R-07-94-17 2-2 



3.0 FIELD ACTIVITIES 

3.1 FIELD ACTIVITIES SUMMARY 

A discussion of the field work activities is included in this section. Soil borings and monitoring wells with 

concurrent soil and subsequent groundwater sampling and analysis will be completed at OT-10 and B-325 

to detect the lateral and vertical extent of any soil or groundwater contamination that may be present at 

these sites due to releases which may have occurred from underground storage tanks. Twelve subsurface 

soil samples from eight soil borings at OT-10 and eleven subsurface soil samples from seven soil borings 

at B-325 will collected for laboratory analyses. All eight soil borings at OT-10 and four soil borings at B-325 

will be converted to permanent groundwater monitoring wells with subsequent groundwater sampling at all 

permanent groundwater monitoring wells. In addition, one waste water sample and one waste oil sample 

from the 30,000 gallon tank (NN-03) at OT-10 will be collected for laboratory analysis to determine what 

contaminants are present in the waste material. Sampling and analysis with rationale is described in detail 

in the following sections and summarized in Table 3-l. The soil and groundwater sampling and analysis are 

designed to satisfy Federal regulations presented in 40 CFR, Part 280, including Subpart D (Release 

Detection), Subpart E (Release Reporting, Investigation and Confirmation), Subpart F (Release Response 

and Corrective Action for UST Systems Containing Petroleum or Hazardous Substances), and Subpart G 

(Out-of-Service UST Systems and Closure). 

Halliburton NUS Standard Operating Procedures (SOPS) will be followed during field work activities and are 

referenced whenever possible regarding detailed procedures for a particular activii. All SOPS required for 

this field activii are included in Appendix A. 

3.2 MOBILIZATlON/DEMOBILlZATlON 

Following approval of the Work Plan, Halliburton NUS will begin mobilization activities. All field team 

members will review the Work Plan. In addition, an addendum to the existing Health and Safety Plan (HASP) 

(Halliburton NUS, October 1994) for Subase-New London, will be completed to specifically address the work 

activiiies to be conducted during this field work. A field team orientation meeting will be held to familiarize 

personnel with the scope of the field activiiies. 

The Field Operations Leader (FOL) will coordinate the mobilization activities. The FOL will also make any 

arrangements for equipment and supplies required to conduct the field investigation. The equipment 
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TABLE 3-l 

ANALYTICAL PROGRAM - OT-10 AND B-325 SITES 
NSB-NLON, SUBASE-NEW LONDON, CONNECTICUT 

Media 

OT-10 

Analysis Analytical Method 
Number of Trip Equipment Field Total 
Samples”’ Blank@ Rlnsate”’ BlankHI 

Duplicatesm’ 
Samples 

Soil 

Groundwater 

Tank Contents 

Full TCLP 
SW-846 1311 al 

40 CFR 261 3 - 1 1 4 

TPH E418.1 5 1 - 1 4 

BTEX SW-846 8020 5 1 1 2 1 8 

TCL Volatiles CLP SOW OLMOl.8 4 1 1 2 1 8 

TCL Semivolatiles CLP SOW OLM01.8 4 1 2 1 7 

TAL Metals CLP SOW ILM02.1 4 1 2 1 7 

TCL Pesticides/PCBs CLP SOW OLMOl.8 4 - 1 2 1 7 

TPH E418.1 2 1 - 3 

TCL Volatiles SW-846 8020 2 1 1 4 

TCL Semivolatiles CLP sow OLM01.8 2 1 - 3 

TAL Metals CLP SOW ILM02.1 2 1 3 

TCL Pesticides/PCBs CLP SOW OLMOl.8 2 1 - 3 



$ TABLE 3-l (Continued) 

$ 
ANALYTICAL PROGRAM - OT-10 AND B-325 SITES 

G 
NSB-NLON, SUBASE-NEW LONDON, CONNECTICUT 

Media Analysis Analytical Method 
Number of Trip Equipment Field 

Duplicates”’ 
Total 

Samples”’ Blank@ Rinsate”’ Blanp’ Samples 

B-325 

Soil TPH E418.1 11 1 1 12 

BTEX SW-846 8620 11 1 1 1 11 

Full TCLP 
SW-846 1311 & 

40 CFR 261 1 1 

Groundwater TPH E418.1 4 1 1 6 

BTEX SW-S46 8020 4 1 1 1 7 

Ill 

z I21 

Number of samples Includes 1 soil MS/MSD which will be collected with double volume, and 1 groundwater MS/MSD which will be collected 
with triple volume. MS/MSDs will be noted on each sample bottle, the COC, and the sample log sheets. 

Trip Blanks: Samples which originate from analyte-free water taken from the laboratory to the sampling site and returned to the laboratory with 
the volatile organic (VOC) samples. One trip blank per each cooler containing VOC compounds. Trip Blanks are only analyzed for VOCs. 

l3t Equipment Blank: Samples obtained by pouring analyte-free water over sample collection equipment (bailer, etc.) after decontamination. 
Assesses the effectiveness of field decontamination procedure. Obtained at a frequency of 1 /day/media/analysis. Number of samples reflects 
the number of actual laboratory analyses performed. Only samples from every other day will be analyzed. 

UI Field Blank: Samples consisting of the source water used in (1) steam cleaning and (2) decontamination. Obtained at a frequency of 
1 /event/source water. 

6, Duplicates: A single sample split into two portions during a single act of sampling. Assess the overall precision of the sampling and analysis 
program. Obtained at a frequency of 10 percent of the number of samples. 



required for the field activities will be loaded in Pittsburgh, Pennsylvania, and sent to the site by the 

equipment manager. Much of the equipment is already on site in support of work activities currently being 

performed by Halliburton NUS in accordance with the original scope of this CTO. Therefore, mobilization 

activities will be minimal. The FOL will also coordinate with the Navy regarding clearing utilities prior to 

drilling activities. 

3.3 SOIL BORINGS 

A total of eight soil borings at OT-10 and seven soil borings at B-325 will be drilled. The purpose of the soil 

borings is to characterize the subsurface lithology, install permanent groundwater monitoring wells, and 

establish a vertical profile of the subsurface contamination, if any. Proposed soil boring locations are shown 

on Figures 3-1 and 3-2. The soil borings will be drilled using minimum 6-inch inside diameter, hollow-stem 

auger techniques. Split-spoon samples shall be collected from each boring continuously at 2-foot intervals 

to the bottom of the borehole, in accordance with ASTM Method 01566-64 and Halliburton NUS SOP 

GH-1.3. The samplers shall have a minimum 3-inch outside diameter and be at least 2 feet in length in order 

to fulfill sample volume requirements for chemical analysis. The use of drilling fluids is prohibiied while 

drilling. A lithologic description will be made of each split-spoon sample, and a complete log of each boring 

will be maintained by Halliburton NUS in accordance with SOP GH-1.5. At a minimum, the Hallibutton NUS 

boring log will contain the following information: 

0 Sample numbers and types 

l Sample depths 

0 Standard Penetration Test data 

0 Sample recovery/sample interval 

l Soil density or cohesiveness 

0 Soil color and moisture 

l Unified Soil Classification System (USCS) material description and symbol 

In addition, depths of changes in lithology, depth to water, organic vapor monitor readings, drilling methods, 

and total depth of each boring will be included on each boring log. 

3.4 SUBSURFACE SOIL SAMPLES 

Subsurface soil samples shall be collected continuously from each boring at P-foot intervals to the bottom 

of the borehole, in accordance with ASTM Method D1566-64 and Halliburton NUS SOP GH-1.3. Split-spoon 

samplers shall have a minimum 3-inch outside diameter and at least be 2 feet in length in order to fulfill 
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MEMORANDUM 29 September 1994 

From: Northern Division, Naval Facilities Engineering Command, B. Helland 
To: Halliburton NUS, M. Cochran 

Subj: U.S. NAVY CONTRACT N62472-90-D-1298, CT0 129, CIL #6, INSTALLATION 
OF MONITORING WELLS, OTlO AND BLDG 325, NAVAL SUBMARINE BASE 
NEW LONDON 

Encl: (1) Site plan of sanitary sewer line break at OTlO 

1. Enclosed is a site plan prepared by NSB New London showing the location of 
a break in the water discharge line from the oil/water separator at OTlO. The 
line carried treated water from the separator to the sanitary sewer. The 
break has been repaired. 

2. It is not believed that this break caused significant contamination, but 
Bob Brown suggested bringing it to your attention. Call me if you have any 
questions. 

copy to: l'ti/c &xc.\) 
NSB New London, R. Brown 
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sample volume requirements for chemical analysis. The use of drilling fluids is prohibited while drilling. All 

samples recovered from the boreholes will be screened with a PID or FID organic vapor monitor. Chemical 

analysis for individual borings is described in the following sections. 

3.4.1 OT-10 

A total of eight borings shall be drilled at OT-10 at the proposed locations shown on Figure 3-1. Borings 

will be advanced to the water table. Soil samples will be collected continuously from each soil boring at 

2-foot intervals for the entire length of the boring to log physical characteristics (such as color, lithology, and 

moisture) of the soil and any visible evidence of contamination. All soil samples shall be field screened with 

a FID organic vapor monitor to estimate the vertical extent of contamination present. One soil sample will 

be collected from each boring (MW-61 through MW-88) from immediately above the water table for 

laboratory analyses to determine if contamination is present at that location. An additional four soil samples 

will be collected at depth for analyses from borings based on the highest field screening results with a FID 

or the presence of contamination based on visual observations, and/or noticeable odors, in order to 

determine the vertical extent of contamination present. The soil samples taken from immediately above the 

water table in the downgradient well borings MW-82, MW-63, MW-04, MW-86, MW-07, MW68 and the four 

additional soil samples based on FID results will be analyzed for TPH and BTEX, as these are the 

contaminants most likely to be encountered at this site. Soil samples collected from the upgradient well 

(MW81) and from the well (MW-05) downgradient of the leaking tank will be analyzed for TPH, TCL volatiles, 

TCL semivolatiles, TCL pesticides/PCBs, TAL metals and full TCLP to identify the presence of the 

contaminants of concern in the soil, and also to identify contamination from any extraneous upgradient 

sources or contamination downgradient, respectively. 

3.4.2 B-325 

A total of seven borings shall be drilled at B-325 at the proposed locations shown on Figure 3-2. Borings 

will be advanced to the water table. Soil samples will be collected continuously from each soil boring at 

2-foot intervals for the entire length of the boring to log physical characteristics (such as color, lithology, and 

moisture) of the soil and any visible evidence of contamination. All soil samples shall be field screened with 

a FID organic vapor monitor to estimate the vertical extent of contamination present. One soil sample will 

be collected from each boring (MW-1 through MW-4 and SB-5 through SB-7) from immediately above the 

water table for laboratory analyses to determine if contamination is present. An additional four soil samples 

will be collected at depth for analyses from borings based on the highest field screening results with a FID 

or the presence of contamination based on visual observations, and/or noticeable odors, in order to 

determine the vertical extent of contamination present. All soil samples collected will be analyzed for TPH 
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and BTEX, as these are the contaminants most likely to be encountered at this site. In addition, the soil 

sample collected from the downgradient well MW3 will be analyzed for full TCLP to identify contaminants 

which may Influence soil remediation. 

3.5 MONITORING WELL CONSTRUCTION 

Eight permanent monitoring wells will be installed at OT-10, and four permanent wells will be installed at 

B-325. 

After the soil borings have been drilled to the desired depth using hollow-stem augers (8-inch minimum 

borehole diameter), the well screen and riser pipe will be installed through the augers to the desired depth. 

The well screen will intersect the water table, and the top of the well screen will be at least 2 feet above the 

static water elevation to allow for seasonal fluctuation of the water table. The annulus of the boring around 

the well screen will be backfilled with clean silica sand to a depth of at least 1 foot above the well screen. 

A bentonite pellet seal (minimum 2-foot thickness) will then be installed above the sand pack and allowed 

to hydrate as per manufacturer’s recommendations. The remainder of the boring annulus will be backfilled 

to a depth of 1 foot below ground surface with a cement/bentonite grout using a tremie pipe. 

All monitoring wells will be constructed of P-inch inside diameter, Schedule 40 PVC, flush-joint riser pipe and 

flush-joint, factory-slotted well screen. All well screens will be 10 feet in length and have a slot size of 

0.010 inch. 

A 6- or 8-inch steel protective casing will be installed flush with ground surface around each monitoring well. 

A sloping concrete pad will be constructed around the flush-mounted casing to prevent pooling of water 

over the well. A monitoring well construction form will be completed for each monitoring well in accordance 

with SOP GH-1.7. A typical monitoring well construction diagram is given in Figure 3-3. 

All monitoring wells will be developed to remove any fine material from the area around the well screen. 

The monitoring wells will be developed by air lift, bailing and surging, or pumping, as determined by the field 

geologist. Each monitoring well will be developed until the water removed is visibly clear of suspended 

solids or until approved by the field geologist. Wells will not be developed until a minimum of 24 hours has 

elapsed after installation of the cement/bentonite grout. 

Based on the soil boring and monitoring well installation techniques outlined above for sites at OT-10 and 

B-325, the following guidelines under EPA Technical Standards for Owners and Operators of Underground 

Storage Tanks (Federal regulations 40 CFR 280.43) will be satisfied. 
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Flush Mount 
(Minimum 6’0) 

Concrete Surface Seal 

2’ Diameter Schedule 40 PVC Riser Pipe 

Borehold Diometer (6’ minimum) 

Bentonite-Cement Grout Backfill 

Eentonite Pellet Seal 
(Minimum 2’ thick) 

Uniform Ouartz Sand Pack 
(Minimum 1’ above Screen) 

2’ Diameter Schedule 40 PVC 
10’ Continuous Screen 
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(0.010’ Slot Size) 

Bottom Cap 

ICAL SW 1 OW PVC MONITORING m 
SURASE 

FIGURE 3-3 
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The slotted portion of the monitoring well casing will be designed to prevent migration of natural 

soils or filter pack into the well and to allow entry of regulated substance on the water table into 

the well under both high and low groundwater conditions. 

The monitoring wells will be sealed from the ground surface to the top of the filter pack. 

The monitoring wells will intercept the excavation zone, or will be as close as technically feasible. 

The methods used to check for floating product will be able to detect at least one-eighth inch 

of floating product on top of groundwater in the monitoring wells. 

The monitoring wells will be positioned to detect releases from any portion of the tanks or lines 

that routinely contain product. 

Monitoring wells will be clearly marked and secured to avoid unauthorized access and 

tampering. 

In addition, site conditions present at OT-10 and B-325 conform with the following requirements established 

by Federal Regulations 40 CFR 280.43: 

0 The regulated substances in the tanks (waste oil and diesel fuel) are immiscible in water and 

have a specific gravity of less than one. 

0 The groundwater at these sites is approximately 5 feet from ground surface, and is never more 

than 20 feet from ground surface. The soils underlying the site are permeable, and consist of 

fine to coarse sands and have hydraulic conductiviiies of greater than 0.01 cm/set. 

3.5.1 Permanent Monitorinq Wells at OT-10 

A total of eight wells will be installed at OT-10 to determine the extent of groundwater contamination, if 

present, at the site. In addition, all eight wells will serve as a permanent leak detection system for the tanks 

at OT-10, which will continue to receive waste oil from oil-water separator activities. Proposed well locations 

are shown on Figure 3-l. One well (MW-01) will be located in the inferred upgradient direction (east) from 

the tanks at OT-10. This well will determine the base line quality of groundwater upgradient of the site and 

will aid in defining groundwater flow direction. Two monitoring wells (MW-02 and MW-03) will be located 
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downgradient of tank NN-02 and the associated supply lines. These wells will detect any contamination 

which may be currently present, and will be part of the leak detection program for this tank and the supply 

lines. One well (MW-04) will be located immediately downgradient from the truck dumping pad to determine 

groundwater quality in this area, and to detect any future releases which may occur from this pad or the 

a-inch line, which runs from the pad to tank NN-03. Two wells (MW-05 and MW-08) will be located directly 

downgradient from tank NN-02 to detect any groundwater contamination which may have been released 

from this tank. Two wells (MW-07 and MW-08) will be located directly downgradient of the .oil/water 

separator to determine if any releases have occurred. 

3.5.2 Permanent Monitoring Wells at B-325 

A total of four permanent monitoring wells will be installed at B-325 to determine the extent of groundwater 

contamination, if present, at the slte. In addition, these wells will be used as part of the leak detection 

system for the remaining tank and its supply and return lines at B-325, which will continue to supply No. 2 

fuel oil to Building 325. Proposed well locations are shown on Figure 3-2. One monitoring well (MW-2) will 

be located upgradient from tanks ROlRl and R02 and their associated lines. This well will determine the 

baseline quality of groundwater upgradient of the site and will also aid in determining groundwater flow 

direction at this site. One monitoring well (MW-1) will be located downgradient of tank ROlRl and 

associated lines, and two monitoring wells (MW-3 and MW-4) will be located downgradient of tank R02 and 

its fill and vent lines. The downgradient wells will detect any groundwater contamination which may have 

been released by the tanks ROl Rl or R02 and identify which tank has leaked. It will also be used as part 

of the leak detection system for the site. 

3.6 GROUNDWATER SAMPLING 

Groundwater samples will be collected using a peristaltic sampling pump with a low-flow sample rate to 

minimize sample turbidity. Prior to obtaining the groundwater samples, the static water level shall be 

measured to determine the amount of water in one casing volume. The wells shall be purged at a rate of 

0.3 liters per minute using a low-flow suction lift peristaltic pump and dedicated hose to minimize turbulence. 

Measurements of pH, specific conductance, temperature, oxidation reduction potential (REDOX), and 

turbidity shall be recorded every 5 minutes during purging in accordance with SOP SF-1.1. If two 

consecutive readings of pH, specific conductance, temperature, REDOX, and turbidity are similar 

(it10 percent) after three well volumes have been purged, then the well may be sampled. Purging will 

continue until stabilization of readings is achieved or a maximum of fife casing volumes is purged, whichever 

occurs first. One measurement of dissolved oxygen shall also be taken prior to sample collection, in 

accordance with SOP SF-l .l. If the well is purged dry before three casing volumes, the water level will be 
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allowed to recover and a sample shall be taken. In the event that recovery is too slow to adequately fill all 

sample bottles, the sample shall be collected the following day. 

The wells shall be sampled directly from the pump outlet for all analytes except volatile analyses with a flow 

rate of 0.3 liters per minute. Sample vials for volatile analyses will be filled by crimping the discharge end 

of the sample tubing when filled, while removing the inlet end of the sample tubing from the well. The inlet 

end will be suspended above the vial and the discharge end will be opened, allowing water to fill each vial 

by gravity flow. Purge water shall be containerized pending analysis. The groundwater samples shall be 

collected in accordance with SOP SA-1.1. 

3.6.1 OT-10 

Groundwater samples will be collected from each of the eight monitoring wells. Samples from the 

upgradient well (MW-01) and from wells immediately downgradient tanks NN-62 and NN-03 (MW-03 and 

MW-05) will be analyzed for TCL volatiles, TCL semivolatiles, TCL pestickles/PCBs, and TAL metals to 

identify the presence of the contaminants of concern in the groundwater and to provide a broad 

characterization of groundwater quality at the site. Samples from the remaining wells downgradient of the 

fuel lines, the truck dumping pad and the oil/water separator (MW-02, MW-04, MW-06, MW-07, and MW-08) 

will be analyzed for TPH and BTEX to identify the presence of the contaminants of concern in the 

groundwater in these areas. A summary of the samples to be collected at 01-10 is included in Table 3-1. 

3.6.2 B-325 

Groundwater samples will be collected from each of the monitoring wells. All samples will be analyzed for 

TPH and BTEX to identify the presence of the contaminants of concern in the groundwater and to provide 

a broad characterization of groundwater quality at the site. A summary of the samples to be collected at 

B-325 is included in Table 3-1. 

3.7 WASTE WATER/WASTE OIL SAMPLING 

Contaminants in the tanks at OT-10 are presently unknown. The waste oil and waste water at OT-10 will be 

sampled to determine which compounds are present in the waste material. One waste water sample will 

be taken from the 30,000-gallon tank (NN63), and one waste oil sample will be taken from the 10,000 gallon 

tank (NN-02). Both the waste oil and waste water samples will be analyzed for TPH, TCL volatiies, TCL 

sem’voiatiies, TCL pesticides/PCBs and TAL metals to fully identify any possible contaminants. 
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The waste oil and waste water will be sampled using a kemmerer sampler lowered into the tank through the 

manhde or other opening. If possible, the level of waste oil and/or waste water in each tank will be 

determined before sampling using a hydrocarbon interface probe. The NN-03 tank contains both oil and 

water. The waste water sample will be collected from the bottom of the tank. Tank NN-02 contains only 

waste oil, and the waste oil sample will be cdlected from the top layer of the tank. One measurement of 

pH, specific conductance, temperature, ORP, and dissolved oxygen will be taken prior to sample cdlection 

in accordance with SOP SF-1 .l . 

3.8 WATER LEVEL MEASUREMENTS 

Two complete rounds of water elevations will be collected at each site to determine groundwater flow 

directions. Groundwater level measurements will be taken from newly installed monitoring wells. Water 

levels will be taken using a hydrocarbon interface probe, which can detect the presence or absence of 

floating hydrocarbons on the surface of the water table. 

In addition to water level measurements, the top of the water table at each well will be observed using a 

clear bailer to confirm the presence or absence of a floating product layer. The bailer will be lowered down 

the well and submerged less than the total length of the bailer, then removed and visually examined. This 

method will allow the field geologist to observe the apparent thickness and characteristics of any petroleum 

layer which may be present. This method can also be used to observe a thin film which may not be 

detectable by the hydrocarbon interface probe. 

3.9 DECONTAMINATION 

The equipment invdved in field sampling activities will be decontaminated prior to and during drilling and 

sampling activities. This equipment includes downhoie drilling tools, augers, and ail nondedicated sampling 

equipment. Specific decontamination procedures are discussed in the following subsections. 

3.9.1 Major Equipment 

All downhde drilling equipment and sampling tools shall be steam cleaned prior to beginning work, between 

well borings, any time the drilling rig leaves the site prior to completing a boring, and at the completion of 

the drilling program. In addition, well riser pipe and screen shall be steam cleaned prior to being installed 

into the borings unless the well materials arrive at the site in factory sealed plastic covers. 
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These decontamination operations will consist of washing the equipment using a high-pressure steam wash. 

Ail decontamination activities will take place at the designated decontamination area. Additional 

requirements for drilling equipment decontamination can be found in Halliburton NUS SOP GH-1.6. 

3.9.2 Sampling Equipment 

All sampling equipment used for collecting samples (i.e., split-spoons, bailers) will be decontaminated both 

prior to field sampling and between samples, in accordance with SOP SF-2.3. The following 

decontamination steps will be taken: 

0 Potable water and Alconox or Liquinox detergent wash 

0 Potable water rinse 

0 Methanol rinse 

0 Hexane rinse 

0 Distilled/Deionized water rinse (analyte free) 

0 Air dry 

Field analytical equipment such as instrument probes will be rinsed first with analyte-free water, then with 

the sample liquid. 

3.10 WASTE HANDLING 

Ail decontamination and purge liquids will be collected, containerized, and stored on site in Department of 

Transportation (DOT)-approved (Specification 17-C) 55-gallon drums. All drill cuttings will also be collected 

and stored on site in the DOT-approved drums. All drums will be sealed and labeled with drum contents, 

well/boring number, site or origin, volume, and date. The drums will be stored at a centralized location on 

base pending analyses results. Haiiiburton NUS will dispose of the waste in an appropriate manner based 

on the analyses results. 

3.11 SAMPLING IDENTlFlCATlON SYSTEM 

Each sample collected will be assigned a unique sample tracking number. The sample tracking number will 

consist of a four-segment, alpha-numeric code that identifies the site, the sample medium and location, and 

sample depth (in the case of soil samples). Any other pertinent information regarding sample identification 

will be recorded in the field log books and sample logsheets. 
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The alpha-numeric coding to be used in the sample system is explained in the following diagram and the 

subsequent definitions: 

(AANNN) - 

(Site) 

Character Type: 

WW 

(Medium & Location) 

(NNNN) 

(Sample depth) 

A = Alpha 

N = Numeric 

Site: 

OTlO = Oil Tank 10 Site 

8325 = Building 325 Site 

Medium: 

GW = Groundwater 

so = Soil samples 

Sample Location: 

Monitoring well or soil boring number (numeric, starting with 01 for each medium) 

Sample Depth: 

For soil samples only = Start and end depth, in feet, of sample 

Example: A soil sample taken from the OT-10 site from well boring MWOl at a depth of 2 to 4 feet would 

be numbered OTl O-SO01 -0204. 

Field quality control (QC) samples will be designated using a coding system. QC samples such as 

duplicates, field blanks, trip blanks and rinsate blanks will be numbered sequentially, with each successive 

QC sample designation being increased by one, per sample, regardless of media. The designation will 
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consist of a two-segment, alpha-numeric code that identifies the QC sample identifier and number. Note 

that the time for duplicates will be noted as 0000 on the sample labels and the chain-of-custody. The actual 

time of sampling and duplicate sample location will be noted in the field notebook and on the sample log 

sheets. This will allow duplicates to be shipped to the laboratory without providing information as to their 

location. Fdlowing is a summary of the QC sample coding system. 

DUPUCATE = Duplicate sample 

TB = Trip Blank 

FB = Field Blank 

RB = Rinsate Blank 

Examples: The first sample duplicate would be designated as: 

DUPLlCATE-01, with time noted on the sample label and chain-of-custody as 0000. 

The second duplicate, regardless of media, would be labeled as: 

DUPLICATE-02, with time noted on the sample label and chain-of-custody as 0000. 

Other QC samples will be labeled in a similar fashion. 

3.12 SAMPLE PRESERVATION, PACKAGING AND SHIPPING 

Samples will be preserved in accordance with SOP SF-1.2. Sample bottle requirements, preservation 

requirements, and holding times are provided in Table 3-2. Samples will be packaged and shipped in 

accordance with Halliburton NUS SOP SA-6.2. The following forms will be completed during the field 

activity: 

0 Sample labels 

0 Chain-of-Custody Forms 

0 Chain-of-Custody Seals 

0 Sample Logsheets 

l Overnight Courier Air Bills 

Copies of applicable forms are included in Haliiburton NUS SOP SA-6.4 
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TABLE 3-2 

SUMMARY OF ANALYSIS, BOlTLE REQUIREMENTS, PRESERVATION REQUIREMENTS 
AND HOLDING TIMES 

OT-10 AND B-325 SITES 
NSB-NLON, SUBASE, NEW LONDON, CONNECTICUT 

Media Analysis 
No. of 

Containers 
Per Sample 

Container Type 
Preservation 

Requirements 
Holding Times”’ 

Groundwater/ TPH 1 1-L glass 
H2SO4, PH < 2, 28 days 

AqueousTank 4% 

Contents BTEX 2 40-mL VOA vial HCl, pH c 24°C 14 days 

TCL VOC 3 40-mL VOA vial HCI, pH < 24% 14 days 

TCL Semivoiatiles 1 l/2-gallon amber glass jug 4°C 
7 days to extract; 
40 days to analyze 

Soil/Oil Tank 
Zontents 

TAL Metals 

TCL Pesticides/PCBs 

TPH 

BTEX 

TCL VOC 

TCL Semivoiatiies 

TAL Metals 

Full TCLP 

TCL Pesticides/PCBs 

1 1 -L polyethylene bottle 
HN03, pH < 2, 188 days; 
4°C Hg 28 days 

1 l/2-gallon glass jug 4°C 
7 days to extract; 
40 days to analyze 

1 4-0~. clear wide-mouth glass jar 4°C 28 days 

1 4-0~. clear wide-mouth glass jar 4°C 14 days 

1 88mL glass VOA vial 4°C 14 days 

1 8-0~. clear wide-mouth glass jar 4OC 
7 days to extract; 
48 days to analyze 

1 4-0~. clear wide-mouth glass jar 4°C 
188 days; 
Hg 28 days 

1 4-0~. clear wide-mouth glass jar 4OC 7 days 

1 8-0~. clear wide-mouth glass jar 4OC 
7 days to extract; 
48 days to analyze 

Ill Holding times measured from date of sample collection. 



3.13 SAMPLE CUSTODY 

Custody of samples must be maintained and documented at ail times. Chain-of-custody begins with the 

cdlection of the samples In the field. Section 5.3 of Halliburton NUS SOP SA-6.1 provides a description of 

the chain-of-custody procedures to be fdiowed. 

3.14 QUALITY CONTROL SAMPLES 

In addition to standard sample acquisition, quality contrd (QC) samples will be collected or generated during 

the sampling activities. QC samples include trip blanks, field duplicates, field blanks, and equipment rinsate 

blanks. Table 3-1 presents the type and number of required QC samples. Each type of field QC sample 

is defined as follows: 

0 Trip Blanks. Trip blanks are samples which originate from analyte-free water collected in 

sample vials at the point of origin of the sample containers. The vials are shipped with the 

sample containers to the sampling site and returned to the laboratory with the Volatile Organic 

Compound (VOC) or BTEX samples. One trip blank is assigned to each cooler containing VOCs 

or BTEX. Trip blanks are only analyzed for VOCs or BTEX. 

0 Field Duplicates. A field duplicate is one sample collected that is split into two portions and 

analyzed in duplicate. Field duplicates are obtained during a single act of sampling and are 

used to assess the overall precision of the sampling and analysis program. Field duplicates shall 

be analyzed in the laboratory for the same parameters as the associated environmental samples. 

The time for duplicates will be noted as 0000 on the sample labels and the chain-of-custody. 

The actual time of sampling and duplicate sample location will be noted in the field notebook 

and on the sample log sheets. 

0 Equipment Rinsate Blanks. Equipment rinsate blanks are obtained under representative field 

conditions by running anaiyte-free water through sample cdlection equipment (split-spoon or 

chisel) after decontamination and placing the runoff water in the appropriate sample containers 

for analysis. Equipment blanks will be used to assess the effectiveness of decontamination 

procedures. Equipment blanks will be collected for each type of nondedicated sampling 

equipment used and will be submitted at a frequency of one per day per sampling event. 

However, only every other day’s samples will be analyzed. Those not analyzed will be marked 

“hold“ on the associated chain-of-custody form and will be retained by the laboratory until 

R-07-94-17 3-20 



completion of field activities. Equipment rinsate blanks are analyzed for the same parameters 

as the associated samples. 

0 Field Blanks. Field blanks are obtained by sampling the water(s) used for decontamination 

during the field investigation. Samples consist of the source water used in: (1) steam cleaning 

of large equipment and (2) analyte-free water used for decontamination of sampling equipment. 

Field blanks will be used to confirm the effectiveness of decontamination procedures, and to 

determine lf the analyte-free water or the potable water (used for steam cleaning) may be 

contributing to sample contamination. Field blanks will be collected for each type of water used 

for decontamination and will be submitted at a frequency of one per source per sampling event 

(two estimated). Field blanks are analyzed for the entire suite of project parameters (excluding 

TCLP analyses). 

3.15 EQUIPMENT CALIBRATION 

Several monitoring instruments may be used during field activities; these include 

Organic vapor monitor 

Temperature probe 

Specific conductance meter 

pH meter 

Turbidity meter 

Oxidation reduction potential meter 

Dissolved Oxygen meter 

Electronic water level meter 

The electronic water level meter will be calibrated prior to mobilization and periodically at the discretion of 

the FOL. The remaining instruments will be calibrated daily or according to the manufacturer’s operating 

manual. 

Calibration will be documented in the field logbook. During calibration an appropriate maintenance check 

will be performed on each piece of equipment. if damaged or defective parts are identified during the 

maintenance check and it is determined that the damage could have an impact on the instrument’s 

performance, the instrument will be removed from service until the defective parts are repaired or replaced. 
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3.16 RECORD KEEPING 

In addition to the previously mentioned forms, other types of records must be kept. These records indude 

notebooks and logbooks. 

A bound/weatherproof field notebook shall be maintained by the field crew. All information related to 

sampling or field activities will be recorded in the field notebook. This information will indude, but is not 

limited to, sampling time, weather conditions, unusual events, field measurements, descriptions of 

photographs, etc. 

A bound/weatherproof site logbook shall be maintained by the FOL. The requirements of the site logbook 

are outlined in Halliburton NUS SOP SA-6.3, Sections 5 and 7. This book will contain a summary of the 

day’s activities and will reference the field notebooks when applicable. 

At the completion of field activities, the FOL shall submit to the Project Manager (PM) all field records, data, 

field notebooks, logbooks, chain-of-custody receipts, sample logsheet, drilling logs, etc. Required changes 

to the work plan will be discussed with the PM/FOL, and the PM will discuss these changes with the Navy 

RPM. Any changes to this work plan made in the field will be documented via Task Modification Request 

forms. A copy of the logbook will be made and sent to NORTHDIV. 

3.17 SURVEYING 

The locations of all newly installed permanent monitoring wells will be surveyed by a licensed surveyed. The 

horizontal location and vertical elevation of each well will be noted, including the elevation of the riser, top 

of casing and ground surface elevation at the well. Elevations will be reported in feet above mean sea level 

to the nearest 0.01 foot. Surveying will utilize pre-existing reference points and/or existing survey 

monuments from previous surveying events. 
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APPENDIX A 

STANDARD OPERATING PROCEDURES (SOPS) 
NSB-NLON, SUBASE-NEW LONDON 

GROTON, CONNECTICUT 



GH-1.3 

GH-1.5 

GH-1.6 

GH-1.7 

GH-2.5 

SA-1 .l 

SA-6.1 

SA-6.2 

SA-6.3 

SA-6.4 

SF-1 .l 

SF-l.2 

SF-2.3 

ASTM D 156664 

STANDARD OPERATING PROCEDURES 

Soil and Rock Sampling 

Borehoie and Sample Logging 

Decontamination of Drilling Rigs and Sample Equipment 

Groundwater Monitoring Point Installation 

Water Level Measurement/Contour Mapping 

Groundwater Sample Acquisition 

Sample Identification and Chain-of-Custody 

Sampling Packaging and Shipping 

Site Logbook 

Forms Used in RI Activities 

On-Site Water Quality Testing 

Sample Preservation 

Decontamination of Chemical Sampling and Field Analytical Equipment 

Penetration Test and Split-Barrel Sampling of Soils 
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SOIL AND ROCK SAMPLING Rcvtwon 
2 
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0334901 

5.0 PROCEDURES 

5.1 SUBSURFACE SOIL SAMPLES 

Subsurface soil sampler are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, 
definition of the actual migration of contaminants can be obtained through chemical analysis of the 
soil samples. Where the remedial activities may include in-situ treatment or the excavation and 
removal of the contaminated soil, the depth and areal extent of contamination must be known as 
accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction activities . 
be planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, 
unit weight, and moisture content are some of the physical characteristics that may be determined 
for soil samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various 
physical and engineering parameters such as relative density, unconfined compressive strength, and 
consolidation characteristics of soils. 

The procedures described here are representative of a larger number of possible drilling and 
sampling techniques. The choice of techniques is based on a large number of variables such as cost, 
DQOs, local geology, etc. The final choice of methods must be made with the assistance of drilling 
subcontractors familiar with the local geologic conditions. Alternative techniques must be based 
upon the underlying principles of quality assurance implicit in the following procedures. 

5.1.1 Equioment 

The following equipment is used for subsurface soil sampling and test boring: 

0 Drilling equipment, provided by subcontractor. 

l Split barrel (split spoon) samplers, OD 2 inches, ID 1-3/B inches, either 204nch or 26 inches 
long. Larger 0-D. samplers are available if a larger volume of sample is needed. A common 
size is 3-inch O.D. (2-W-inch I.D.). 

l Thin walled tubes (Shelby), O.D. 2 to 5 inches, 18 to 64 inches long. 

l Drive weight assembly, 1404b. ( + 2 lb.) weight, driving head and guide permining free fall 
of 30 inches ( 2 1 inch). 

l Drive weight assembly, 3004b. ( + 2 lb.) weight, driving head and guide permitting free fall 
of I8 inches ( f 1 inch). 

l Accessory equipment, including labels, logbook, paraffin, and sample jars. 
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5.1.2 Split Barrel (Split SPoonI Sam&w (ASTM D1586-841 

The following method will be used for split barrel sampling: 

Clean 0~ t& borehole to the desired sampling depth using equipment that will ensure 
that the material to be sampled is not disturbed by the operation. ln saturated sands and 
silts, withdraw the drill bit slowly to prevent loosening of the soil around the hole and 
maintain the water level in the hole at or above groundwater level. 

Side-discharge bits are permissible. A bottom-discharge bit shall not be used. The Process 
of jetting through an open tube sampler and then sampling when the desired depth is. 
reached shall not be permitted. Where casing is used, it may not be driven below the 
sampling elevation. 

install the split barrel sampler and sampling rods into the boring to the desired sampling 
depth. After seating the sampler by means of a single hammer blow, three 6-inch 
increments shall be marked on the sampling rod so that the progress of the sampler can be 
monitored. 

The 2-inch OD split barrel sampler shall be driven with blows from a 140-lb. (5 2lb.) 
hammer falling 30 inches ( f 1 inch) until either a total of 50 blows have been applied 
during any one of the three 6-inch increments, a total of 100 blows have been applied, 
there is no observed advance of the sampler for lOsuccessive hammer blows, or until the 
sampler has advanced 18inches without reaching any of the blow count limitation 
constraints described herein. This process is referred to as the Standard Penetration Test. 

A 300-lb. weight falling 18inches is sometimes used to drive a 2-l/2-inch or 3-inch O.D. 
spoon sampler. This procedure is used where dense materials are l countered or when a 
large volume of sample is required. However, this method does not conform the ASTM 
specifications. 

Repeat this operation at intervals not greater than. 5 feet in homogeneous strata, or as 
specified in the sampling plan. 

Record the number of blows required to effect each 6inches of penetration or fraction 
thereof. The first 6inches is considered to be seating drive. The sum of the number of 
blows required for the second and third 6 inches of penetration is termed the penetration 
resistance, N. If the sampler is driven less than 18 inches, the penetration resistance is that 
for the last 1 foot penetrated. 

Bring the sampler to the surface and remove both ends and one half of the split barrel so 
that the soil recovered rests in the remaining half of the barrel. Describe carefully the 
sample interval, recovery (length), composition, structure, consistency, color, condition, 
etc., of the recovered soil then put a representawe portion of each sample into a -jar, 
without ramming. Jars with samples not taken for chemical analysis shall be sealed with 
wax, or hermetically sealed (using a teflon cap liner) to prevent evaporation of the soil 
moisture, if the SamPIe is to be later evaluated for moisture content. Affix labels to the jar 
and complete Chai*of-Custody and other required sample data forms. Protect samples 
against extreme temperature changes and breakage by placing them in appropriate 
cartons stored in a Protected area. Pertinent data which shall be noted on the label or 
written on the jar lid for each sample includes the project number, boring number, sample 
number, depth interval, blow counts, and date of wmpling. 
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l An addition to the sampler mentioned above is an internal liner, which is split 
longitudinally and has a thin-wall brass, steel, or paper liner inserted inside, which will 
preserve the sample. However, since the development of the thin-walled samplers 
(mentioned below) the split barrel sampler with liner has declined in use. 

5.1.3 Thin Walled Tube (Shelbv Tube) Samplino (ASTM 01587-83) 

When it is desired to take undisturbed samples of soil, thin-walled seamless tube samplers (Shelby 
tubes) will be used. The following method will be used: 

Clean out the borehole to the sampling depth, being careful to minimize the chance for 
disturbance of the material to be sampled. In saturated materials, withdraw the drill bit 
slowly to prevent loosening of the soil around the borehole and maintain the water level in 
the hole at or above groundwater level. 

The use of bottom discharge bits or jetting through an open-tube sampler to clean out the 
hole shall not be allowed. Any side discharge bits are permitted. 

A stationary piston-type sampler may be required to limit sample disturbance and aid in 
retaining the sample. Either the hydraulically operated or control rod activated-type of 
stationary piston sampler may be used. Prior to inserting the tube sampler in the hole, 
check to ensure that the sampler head contains a check valve. The check valve is necessary 
to keep water in the sampling rods from pushing the sample out of the tube sampler 
during sample withdrawal and to maintain a suction within the tube to help retain the 
sample. 

To minimize chemical reaction between the sample and the sampling tube, brass tubes 
may be required, especially if the tube is stored for an extended time prior to testing. 
While steel tubes coated with shellac are less expensive than brass, they are more reactive, 
and shall only be used when the sample will be tested within a few days after sampling or if 
chemical reaction is not anticipated. With the sampling tube resting on the bottom of the 
hole and the water level in the boring at the groundwater level or above, push the tube 
intothe soil by a continuous and rapid motion, without impacting or twisting. In no case 
shall the tubebe pushed farther than the length provided for the soil sample. Allow about 
3 inches in the tube for cuttings and sludge. 

Upon removal of the sampler tube from the hole, measure the length of sample in the tube 
and also the length penetrated. Remove disturbed material in the upper end of the tube 
and measure the length of sample again. After removing at least an inch of soil from the 
lower end and after inserting an impervious disk, seal both ends of the tube with at least a 
In-inch thickness of wax applied in a way that will prevent the wax from entering the 
sample. Newspaper or other types of filler must be placed in voids at either end of the 
sampler prior to sealing with wax. Place plastic caps on the ends of the sampler, tape in the 
caps place, and dip the ends in wax. 

Affix labels to the tubes as required and record sample number, depth, penetration, and 
recovery length on the label. Mark the same information and “up” direction on the tube 
with indelible ink, and mark the end of the sample. Complete Chain-of-Custody and other 
required forms. Do not allow tubes to freeze and store the samples vertically (with the 
same orientation they had in the ground, i.e., top of sample is up) in a cool place out of the 

0334901 
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sun at all times. Ship samples protected with suitable resilient packing material to reduce 
shock, vibration, and disturbance. 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to 
be sampled. Often, very loose an&or wet samples cannot be retrieved by the samplers, and soils with 
a consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Denison or 
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs and therefore their use shall be weighed against the increased cost 
and the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube 
sampler, an attempt shall be made with a split barrel sampler at the same depth so that at least a 
sample can be obtained for classification purposes. 

5.1.4 Continuous Core Soil Samoles 

The CME continuous sample tube system provides a method of sampling soil continuously during 
hollow stem augering. The S-foot sample barrel fits within the lead auger of a hollow auger column. 
The samplng system can be used with a wide range of I.D. hollow stem augers (from 3-l&inch to 
&l/O-inch I.D.). This method has been used to sample many different materials such as glacial drift, 
hard clays and shales, mine tailigs, etc. This method is particularly used when SPT samples are not 
required and a large volume of material is needed. Also, this method is useful when a visual 
description of the subsurface lithology is required. 

SURFACE SOIL SAMPLES 

arth or waste pile samples, stainless steel scoops or trowels c 
Ies. For densely packed soils or deeper soil samples, a hand 

The followmg method 

0 Use a soil auger f or trowel for surface samples. 
Remove debris, r on of soil. Mark the location 
with a numbered otnts on a sketch of the site. 

l Use a new or freshlydecontamina or each sample taken. Attach a label and 
identification tag. Record all req n in the field logbook and on the sample 
log sheet, Chain-of-Custody re 

0 Pack and ship accordi 

composited sample is to be prepar les taken from a 
veral different depths), it is best to camp rvidual samples in 

ory where they can be more precisely composited on a weig 
not possible, the individual samples (all of equal volume, i.e., 
full) shall be placed in a decontaminated stainless steel bucket, mtxe 

using a stainless steel spatula or trowel, and a composite sample collected. 
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5.3 WASTE PILE SAMPLES 

e of stainless steel scoops or trowels to obtain small discrete samples of homogeneous 
usually sufficient for most conditions. Layered (nonhomogeneous) piles require the 

ers to obtain cross-sectional samples. 

ct small, equal portions of the waste from several points around the pil 
practical. Use numbered stakes, if possible, to mark the sampli 
pling points on the site sketch. 

mple in a glass container. Attach a label an 
formation in the field logbook and on the 

samplers, sampling tri 
acquire a cross-section 

l Insert a sampler into the pil 
spillage. 

l Rotate the sampler once or twice to of waste material. Rotate the grain 
inner tube to the open position and 
material to enter the open slits. 
sampler closed) and slowly withd 

5.4 ROCK SAMPLING (CORING) ( 

Rock coring enables a detailed as nt of borehole conditio 
lithologlc changes and char Because coring is an ex 
used for shallow studies o or less, or for specific the drill hole th 
detailed logging and/or zmg. It can, however, proceed for th nds of feet con 
depending on the s II rig. It yields better quality data than 
a substantially redu ate. Rate of drilling varies widely, depe 
lithologles enco mg methods, depth of drilling, and condition 

1 O-hour day ranges from 40 to over 200 feet. Downhole 
nitoring is sometimes used to complement the data,gener 

eter can be drilled to various sizes, depending on the information nee 
rrels (showing core diameter) and casing are shown in Attachment No. 1. 

rilling is used when formations are too hard to be sampled by soil sampling me 

entering the borehole, to prevent loss of drilling fluid, and to prevent cross contami 
aquifers. 

/ - 0334901 / 
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AlTACHMENt 1 
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Awoxtmote 
con dtafneter I 

cat* boml 
;“l;P;; bit. 0. 

be Drill 

id bit Oh, 
Fodoo “” 

, .--I 

inches* 
llutus 

I 

2.343 1.906 I .6SS I .t SO 

RW RW 

445 303 

AW AW 

9w BW I.655 I .t50 

4625 3.8% 3. 

6.790 - - 

AXA - - m - 

8x2 - e - - 2345 22so I437 - 

NXA - - e e 2%5 2613 I.957 - 

* For hot@ diameter opproximufion, assume h Inch lor9r than core 
bowl bit. 

2 Win he size dai9not1on, dril I rod only, serves OS both casting and drill 
rod. Win line core bit, ond core diometen wry sliphtly occord~nq to 
monufocturer 

NOMXNAL DIMENSIONS FOR DRILL CASINGS AND 

ACCESSORIES. (DIAMOND CORE DRILL MANUFACTURERS 
ASSOCIATION), 288-D-2889. 
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ng through bedrock is initiated by using a diamond-tipped core bit t 
barrel) with a rate of drilling determined by the downward pressure 

luid pressure in the borehole, and the Characteristics Of the rot 

than 6 inches per SO blows using a 1404b. 
sampler shall be considered an indication that 

t coring may be necessary to obtain samples. 

When formations a ncountered that are too hard to be sampled by soil 
following diamond c illing procedure may be used. 

nto the bedrock or the hard material event loose materials from 
event the loss of drill Level the surface of the 
necessary by the use her bits. If the drill hole 
out the casing and i ntamtnation of aquifers in the 

unconsolidated materi nlikely, it may be omi 

Begin the core drilling uri double-tube swi ore barrel of the desired size. After 
drilling no more than 10 barrel from the hole, and take out the 
core. If the core blocks t during drilling, remove the core barrel 

site may be specified for the coring tools; 
where local experience indicates core recovery or where hard, sound materials 
are anticipated, a smaller size or be type may be specified and longer runs may 
be drilled. NWNW size coring equp e most commonly used size. 

When soft materials are encount ce less than 50 percent recovery, stop the 
re such samples in accordance with the 

procedures described in AS Barrel Sampling) or in Method D 1587 
(Thin-Walled Tube Sam Section 5.1.1 and 5.1.2). Resume 
diamond core drilling w fusal materials ar 

Since rock structu l occurrence of seams, fi ities, and broken areas are 
among the most i terns to be detected and take special care to obtain 
and record the res. If such broken zones or cavities nt further advance of the 

following three steps shall be taken: (1) the hole; (2) ream and 
nd advance with the next smaller size rrel, as the conditions 

y, or otherwise unsound rock, where core recovery ma 
s hay be used. In hard, sound rock where a high percentag 

ifficult, M-design 

ed, the single-tube core barrel may be employed. 

ock coring has been completed and the core recovered, the rock 
om the barrel, placed in a core tray (previously labeled ‘top’ and 
classified, and measured for percentage of recovery as well as the rock 
h core shall be described, classified, and logged using a uniform 

rocedure GH-1.5. If moisture ct-Tent will be determined or if it is desirable 

0334901 
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event shrinkage of clay formations) or oxidation of the core, the core shall be wrapped in pla 
immediately after logging. Each plastic sleeve shall be labeled with indelible ink. The 

run number, and the footage represented in each sleeve shall be included, as well a 
of the core run. 

ck cores shall be placed in the sequence of recovery in well-c 
the drilling contractor. Rock cores from two different borings 
ox unless accepted by the Site Geologist. The core boxes shal constructed to 

accommodate inear feet of core in rows of approximately 
constructed wi 
top securely fastene 
between rows. The d the surface of the boring to the om of the drill run and 
run number shall be A wooden partition 

the bottom of the run 
written on the block. These serve to separate ns and indicate depth 
intervals for each run. The or ng cores shall be th boxes. Rock core shall 

x is open, with th acing the observer,the 
top of the cored interval contained w upper left comer of the box,and the 
bottom of the cored interval is in the lo box (see Attachment 2). The top and 
bottom of each core obtained and its true early and permanently marked on each 
box. The width of each row must be compatib e core diameter to prevent Lateral movement 
of the core in the box. Similarly, an empty s row shall be filled with an appropriate filler 
material or spacers to prevent longitudinal mo the core in the box. 

0 Project name 
0 Project number 
l Boring number 
0 Run numbers 

0334901 
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1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of 
subsurface lithology. While experience is the only method to develop confidence and accuracy in the 
description of soil and rock, the field geologist/engineer can do a good job of classification by careful, 
thoughtful observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBIUTIES 

Site Geoloaist - Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used onsite the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may 
be necessary prior to the start up of the field program and/or upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. 
To matntain a consistent flow of information, it is imperative that the field geologist/engineer 
understand and accurately use the field classification system described in this SOP. This identificatron 
is based on visual examination and manual tests. 

5.1 MATERIALS NEEDED 

When loggtng soil and rock samples, the geologrst or engineer may be equipped with the following: 

l Rock hammer 
l Knife 
l Camera 
l Dilute HU 
l Ruler (marked in tenths and hundreths of feet) 
l Hand Lens 

5.2 CIASSIFICATION OF SOILS 

All data shall be written directly on the boring log (Exhibit4-1) or in a field notebook if more space is 
needed. Details on filling out the boring log are discussed in Section 5.5. 

0334901 
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5.2.1 USCS Clarsif ication 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Exhibit 4-2. This method of classification identifies soil types on the basis of 
grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay 
(C). Some classification systems define size ranges for these soil panicles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) is a common 
component of soil but has no size range; it is recognized by its composition. The careful study of the 
USCS will aid in developing the competence and consistency necessary for the classification of soils. 

Coarse grained soils shall be divided into rock fragments, sand, or gravel. The terms and sand and 
gravel not only refer to the size of the soil particles but also to their depositional history. To insure 
accuracy in description, the term rock fragments shall be used to indicate angular granular materials 
resulting from the breakup of rock. The sharp edges typically obsewed indicate little or no transport 
from their source area, and therefore the term provides additional information in reconstructing the 
depositional environment of the soils encountered. When the term “rock fragments’ is used it shall 
be followed by a size designation such as (l/4 inch@-l/2 inch@)’ or “coarse-sand size” either 
immediately after the entry or in the remarks column. The USC5 classification would not be affected 
by this variation in terms. 

5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a 
modifier to denote variations in shade or color mixtures. A soil could therefore be referred to as 
“gray” or “light gray” or “bluegray.” Since color can be utilized in correlating units between 
sampling locations, it is important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically 
to describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term “mottled’ shall be used to indicate soils irregularly marked with spots of different colors. 
Mottling in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shall not be used unless specified by the project manager. 

5.2.3 Relative Denritv and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil 
type. Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not 
adhere well when compressed). Finer grained soils (silts and clays) are cohesive (particles will adhere 
together when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split barrel sampling performed according to the methods detailed in Standard 
Operating Procedures GH- 1.3 and SA-1.2. Those designations are: 
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Designation 
I 
Very loose 

Loose 

Medium dense 

Dense 
I 
Very dense 

Standard Penetration 
Resistance (Blows per Foot) 

oto4 

St010 

11 to30 

31 to 50 

Over 50 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 
2-inch outside diameter 12 inches into the material using a 140pound hammer falling freely through 
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is 
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding 
the number of blows required to penetrate the last 12 inches of each sample intenral. It is important 
to note that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in 
the trp, the resulting blow count will be erroneously high, reflecting a higher density than actually 
exists‘. This shall be noted on the log and referenced to the sample number. Granular soils are given 
the USCS classifications GW, GP, GM, SW, SP, SM, CC, and SC (see Exhibit 4-2). 

The consistency of cohesive soils is determined by performing field tests and identifying the 
consistency as shown in Exhibit 4-3. Cohesive soils are given the USCS classifications ML, Ml-l, CL, CH, 
OL, or OH (see Exhibit 4-2). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength) or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are 
conducted on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split- 
barrel sampler. The sample shall be broken in half and the thumb or penetrometer pushed into the 
end of the sample to determine the consistency. Do not determine consistency by attempting to 
penetrate a rock fragment. If the sample is decomposed rock, it is classified as a soft decomposed 
rock rather than a hard soil. Consistency shall not be determined solely by blow counts. One of the 
other methods shall be used in conjunction with it. The designations used to describe the consistency 
of cohesive soils are as follows: 

Unc. Standard 

Consistency Compressive Penetration 
Str. Tontiquare Resistance Field Identification Methods 

Foot (Blows per Foot) 

Very soft Less than 0.25 Oto2 Easily penetrated several inches by fist 
1 

soft 0.25 to 0.50 I 2to4 1 Easilv Penetrated several inches bv thumb 

Medium stiff IO.50 to 1 .O I 4to8 I Can be penetrated several inches by thumb I 

Very stiff 11.0t02.0 I 8to 15 I Readily indented bv thumb I 
Hard 

I I I 

12.0 to 4.0 I 15to30 1 Readilv indented bv thumbnail I 

I More than 4.0 I Over 30 I Indented with difficulty by thumbnail 
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5.2.4 Weiaht Percentaaes 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the 
various grain types. The following terms are useful in the description of soil: 

Terms of Identifying Proportion of the Component 

trace 

some 

Defining Range of Percentages by Weight 
1 

0 - 10 percent 

11 - 30 percent 
I 

and or adjective form of the soil type (e.g., “sandy”) 31 - 50 percent 

Examples: I 

‘o Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt 

l Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 1 l’to 30 percent I 
silt. 

l Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent I 
clay. 

l Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

I 5.2.5 Moisture 
I 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and 
saturated. In dry soil, there appears to be little or no water. Saturated samples obviously have all the 
water they can hold. Moist and wet classifications are somewhat subjective and often are determined 
by the individual’s judgment A suggested parameter for this would be calling a soil wet if rolling it in 
the hand or on a porous surface liberates water, i.e., ditiies or muddies the surface. Whatever 
method is adopted for describing moisture, it is important that the method used by an individual 
remains consistent throughout an entire drilling job. 

I Laboratory tests for water content shall be performed if the natural water content is important. 
I 

I 5.2.6 Stratification 

Stratification can only be determined alter the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used 
for stratification description is shown in Exhibit 4-4. 

I 5.2.7 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative 
angularity of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as 
to whether the panicles are fiat or bulky and whether there is a particular relation between particles 
(i.e., all the flat panicles are parallel or there is some cementation). The bedding or structure shall 
also be noted (e.g., stratified, lensed, nonstratified, heterogeneous van&). 

I 
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5.2.8 5ummarv of Soil Classification 

ln summary, soils shall be classified in a similar manner by each geologist/engineer at a protect site. 
The hierarchy of classification is as fOiiOWS: 

l Dinsity and/or consistency 
0 Color 
0 Plasticity (Optional) 
l Soil types 
l Moisture’content 
l Stratification 
l Texture, fabric, bedding 
l Other distinguishing features 

5.3 ClASSlFlCATlON OF ROCKS 

Rocks are grouped into three main divisions, including sedimentary, igneous and metamorphic rocks. 
Sedimentary rocks are by far the predominant type exposed at the earth’s surface. The following 
basic names are applied to the types of rocks found in sedimentary sequences: 

Sandstone - Made up predominantly of granular materials ranging between 1116 to 2 mm 
in diameter. 

Siltstone - Made up of granular materials less than 1/16to l/256 mm in diameter. ractures 
irregularly. Medium thick to thick bedded. 

Claystone - Vary fine grained rock made up of clay and silt-size materials. Fractures 
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of 
drilled cores. 

Shale - A fiuile very fine grained rock. Fractures along bedding planes. 

Limestone - Rock made up predominantly of calcite (CaCO3). Effervesces strongly upon the 
application of dilute hydrochlorrc acid. 

Coal - Rock consisting mainly of organic remains. 

Others - Numerous other sedimentary rock types are present in lesser amounts in the 
stratrgraphic record. The local abundance of any of these rock types is dependent upon the 
depositional history of the area. These include conglomerate, halite, gypsum, dolomite, 
anhydrite, lignite, etc. are some of the rock types found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

l Rock type 
l Color 
l Bedding thickness 
l Hardness 
l Fracturing 
l Weathering 
l Other characteristics 

0334901 
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5.3.1 Rock fvoe 

As described above, there are numerous names of sedimentary racks. In most cases a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the 
modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of elastic sedimentary rocks. Exhibit45 is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are 
slightly different than the USC5 subdivision for soil ciassification. For field determination of grain 
sizes, a scale can be used for the coarse grained rocks. For example, the division between siltstone 
and claystone may not be measurable in the field. The boundary shall be determined by use of a 
hand lens. If the grains cannot be seen with the naked eye but are distinguishable with a handlens, 
the rock is a siltstone. If the grains are not distinguishable with a handlens, the rock is a claystone. 

5.3.2 Color 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior 
to color classifications. 

Rock Color Charts shall not be used unless specified by the project manager. 

5.3.3 Bedding Thickness 

The bedding thickness designations applied to soil classification will also be used for rock 
classification. 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition 
of the rock. A relative scale for sedimentary rock hardness is as follows: 

l Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by 

fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term is 
always used for the hardness of the saprolite (decomposed rock which occupies the zone 
between the lowest soil horizon and firm bedrock). 

l Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with 
crumbly edges from single hammer blow. 

a Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges 
from single hammer blow. 

l Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot 
be scratched with screwdriver. 

Note the difference in usage here of the works ‘scratch” and “gouge.” A scratch shall be considered 
a slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a 
scratch in the rock itself), while a gouge is much deeper. 
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5.3.5 Fracturinq 

The degree of fracturing or brokeness of a rock is described by measuring the fractures or joint 
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is 
described by the following terms: 

l Very broken (V: BR.) - Less than 2 in. spacing between fractures 
l Broken (BR.) - 2 in. to 1 ft. spacing between fractures 
0 Blocky (BL.) - 1 to 3 ft. spacing between fractures 
l Massive (M.) - 3 to 10 ft. spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation ’ 
(ROD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQD 
(After Deere, 1964) 

RQD% = r/lx 100 

r = Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include slickensides, 
joints, compaction slicks, bedding plane panings (not caused by drilling), friable zones, etc. 

I = Total length of the coring run. 

5.3.6 Weatherinq 

The degree of weathering is a significant parameter that is important in determining weathering 
profiles and is also useful in engineermg designs. The following terms can be applied to distinguish 
the degree of weathermg: 

0 Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright appearance. 

l Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay 
filling of joints may occur. Feldspar grains may show some alteration. 

l Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened 
due to weathering and can be easily broken with hammer. 

l Severe - All rock including quartr grains is stained. Some of the rock is weathered to the 
extent of becoming a soil. Rock is very weak. 

5.3.7 Other Characteristics 

The following items shall be included in the rock description: 

l Description of contact between two rock units. These can be sharp or gradational. 
l Stratification (parallel, cross stratified) 
l Description of any filled cavities or vugs. 
l Cementation (calcoreous, siliceous, hematrtic) 
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l Description of any joinU or open fractures. 
l Observation of the presence of fossils. 
0 Notation of joins with depth, approximate angle to horizontal, any mineral filling or 

coating, and degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a 
copy machine for report presentation. The data shall be kept current to provide control of the 
drilling program and to indicate various areas requiring special consideration and sampling. 

5.3.8 Additional Terms Used in the Description of Rock 

The following terms are used to further identify rocks: 

l Seam - Thin (12 inch or less), probably continuous layer. 

l Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For 
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would 
be “sandstone -m shale seams.” 

l Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would 
be “sandstone - few shale seams.” 

a lnterbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of 
sandstone (50percent) and shale (50 percent) would be “interbedded sandstone and 
shale.” 

l Interlayered - Used to indicate thick alternating seams of material occurring in 
approximately equal amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

l Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and 
pyroxene. 

l Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The 
fin-rained equivalent of a granrte. 

l Granite -A coarse-grained plutontc rock consisting essentially of alkali feldspar and quaru. 

l Diorite - A cba~rained plutonic rock consisting essentially of sodic plagioclase and 
hornblende. 

l Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. 
Loosely used for any coarse grained dark igneous rock. 
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The foIlowing are some basic names that are applied t0 metamorphic rocks: 

0 Slate - A very fintgrained foliated rock possessing a well developed slaty cleavage. 
Contains predominantly chlorite, mica, quartz, and sericite. 

l Phyllite - A fine-graind foliated rock that splits into thin flaky sheets with a silky sheen on 
cleavage surface. 

l Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the 
micaceous minerals which dominate its composition. 

l Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

l Quartzite - A fine to coarsegrained nonfoliated rock breaking across grains, consisting 
essentially of quartx sand with silica cement. 

5.4 ABBREVlATlONS 

Abbreviations may be used in the description of a rock or soil. However, they shall ‘be kept at a 
minimum. Following are some of the abbreviations that may be used: 

C - Coarse Lt - Light YI - Yellow 

Med - Medium BR - Broken Or - Orange 

F - Fine BL - Blocky ss - Sandstone 

v - Very M - Massive Sh - Shale 

51 - Slight Br - Brown Ls - Limestone 

occ - OccasIonal BI - Black Fgr - Fine gramed 

Tf - Trace 

5.5 BORING LOGS AND DOCUMENTATION 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceeding sections shall be used to complete the logs. A sample 
bonng log has been provided as Exhibit 4-6. The field geoioginlengineer shall use this example as a 
guide in completing each borings log. Each boring log shall be fully described by the 
geologist/engineer as the borinq is beino drilled. Every sheet contains space for 25 feet of log. 

Information regarding classification details is provided on the back of the boring log, for field use. 

5.5.1 Soil Classification 

a Identify site name, boring number, job number, etc. Elevations and water level data to be 
entered when surveyed data is available. 

l Enter sample number (from SIT under appropriate column. Enter depth sample was taken 
from (1 block = 1 foot). Fractional footages, i.e., change of lithology a 13.7feet, shall be 
lined off at the proponional location between the 13 and llfoot marks, Enter blow 
counts (Standard Penetration Resistance) diagonally (as shown). Standard penetration 
resistance is covered in Section 52.3. 
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l Determine sample recovery/sample length as shown. Measure the total length of sample 
recovered from the split spoon sampler, including material in the drive shoe. Do not 
include cuttings or wash material that may be in the upper portion of the sample tube. 

l Indicate any change in lithology by drawing a line at the appropriate depth. For example, 
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall 
be drawn at this increment. This information is helpful in the construction of 
cross-sections. As an alternative, symbols may be used to identify each change in iithobgy. 

l The density of granular soils is obtained by adding the number of blows for the last two 
increments. Refer to Density of Granular Soils Chart of back of log sheet. For consistency of . 
cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter this 
information under the appropriate column. Refer to Section 5.2.3. 

l Enter color of the material in the appropriate column. 

l Describe material using the USCS. Limit this column for sample description only. The 
predominate material is described last. If the primary soil is silt but has fines (clay) - use 
clayey silt. Limit soil descriptors to the following: 

- Trace 0 - 10 percent 
- Some 1 1 - 30 percent 
s And 3 1 - SO percent 

0 Also Indicate under Material Classification if the material is fill or natural soils. Indicate 
roots, organic material, etc. 

l Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of 
two basic groups, a borderline symbol may be used with the two symbols separated by a 
slash. For example ML/CL or SM/SP. 

l The following information shall be entered under the Remarks Column and shall include, 
but is not limited by the following: 

s Moisture - estimate moisture content using the following terms - dry, moist, wet 
and saturated. These terms are determined by the individual. Whatever method 
is used to determine moisture, be consistent throughout the log. 

- Angularity - describe angularity of coarse grained particles using Angular, 
Subangular, Subrounded, Rounded. Refer to ASTM 02488 or Earth Manual for 
criteria for these terms. 

- Panicle shape - flat, elongated, or flat and elongated. 

- Maximum panicle size or dimension. 

- Water level observations. 

Reaction with HCI - none, waak or strong. 
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Indicate presence of mica, caving of hole, when water was encountered, difficulty 
in drilling, lossor gain of water. 

Indicate odor and HNu or OVA reading if applicable. 

Indicate any change in lithology by drawing in line through the lithology change 
column and indicate the depth. This will help later on when cross-sections are 
constructed. 

At the bottom of the page indicate type of rig, drilling method, hammer size and 
drop and any other useful information (i.e., borehole size, casing set, changes in 
drilling method). 

Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns 5 to 8 from the 
bottom of each sample to the top of the next sample to indicate consistency of 
material from sample to sample, if the material is consistent. Horizontal lines shall 
be drawn if there is a change in lithology, then venical lines drawn to that point. 

Indicate screened interval of well, as needed, in the iithology column. Show top 
and bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.2 Rock Classification 

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate 
core run depths by drawing coring run lines (as shown) under the first and founh columns 
on the log sheet. Indicate RQD, core run number, RQD percent and core recovery under 
the appropriate columns. 

Indicate lithology change by drawing a line at the appropriate depth as explained in 
Section 5.5.1. 

Rock hardness is entered under designated column using terms as described on the back of 
the log or as explained earlier in this section. 

Enter color as determined while the core sample is wet; if the sample is cored by air, the 
core shall be scraped clean prior to describing color. 

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use 
terms as described in Section 5.3. Again, be consrstent in classification. Use modifiers and 
additional terms as needed. For igneous and metamorphic rock types use terms as 
described in Sections 5.3.8. 

Enter brokeness of rock or degree of fracturing under the appropriate column using 
symbols VBR, BR, BL, or M as explained in Section 53.5 and as noted on the back of the 
Boring Log. 
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Q The following information shall be entered under the remarks column. Items shall include 
but are not limited to the following: 

s Indicate depths of joints, fractures and breaks and also approximate to horizontal 
angle (such as high, low), i.e., 7O’angle from horizontal, high angle. 
Indicate calcareous zones, description of any cavities or vugs. 

s Indicate any loss or gain of drill water. 
s Indicate drop of drill tools or change in color of drill water. 

Q Remarks at the bottom of Boring Log shall include: 

- Type and size of core obtained. 
I Depth casing was set. 
s Type of Rig used. 

Q As a final check the boring log shall include the following: 

- Vertical lines shall be drawn as explained for soil classification to indicate 
consistency of bedrock material. 

- If applicable, indicate screened interval in the lithology column. Show top and 
bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.53 Classification of Soil and Rock from Drill Cuttinas 

The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole 
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only 
general information on subsurface lithoiogy. Some procedures that shall be followed when logging 
cuttings are: 

Q Obtain Cutting samples at apprOXimatQly S foot intervals, SiQVQ the Cuttings (if mud rotary 
drilling) to obtain a cleaner sample, place the sample into a small sample bottle or “zip 
lock” bag for future reference, and label the jar or bag (i.e. hole number, depth, date etc.). 
Cuttings shall be closely examined to determine general lithoiogy. 

Q Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

Q Note drop or chattering of drilling tools or a change in the rate of drilling, to determine 
fracture locations or iithologic changes. 

Q Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify 
potential fracture zones. 

Q Record this and any Other useful information onto the boring log as provided in 
Exhibit 4-I. 

This logging provides a general description of subsurface iithology and adequate information can bt 
obtained through careful observation of the drilling process. It is recommended that split barrel and 
rock core sampling methods be used at selected boring locations during the field investigation to 
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provide detailed information to supplement the less detailed data generated through borings drilled 
using arr/mud rotary methods. 

5.6 REVIRN 

Upon completion of the borings logs, copies shal.1 be made and reviewed. Items to be reviewed 
include: 

l Checking for consistency of all logs 
l Checking for conformance to the guideline 
Q Checking to see that all information is entered in their respective columns and spaces 

6.0 REFERENCES 

Unified Soil Classification System WCS) 

ASTM D2488,1985 

Earth Manual, U.S. Department of the Interior, 1974 

7.0 RECORDS 

Originalsof the boring logs shall be retained in the project files. 
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PROJECT NO.: . . . . . . . . . . . . . .,................ . _..._ DATE: . . . . . . . . . ,. . . . . . 0luLLEA: . . . . . . . . . . . . . . . . . . . . . . . . . . 

ELEVATION: . . . . . . . . . . . . . . ..I....................... FIELD GEOLOGIST: ,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
WATER LEVEL DATA : ., ._._...... . . . . .._._......__.... _._ __ ._ _._ . . . . .,... ___._...__....., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(tit*. Tim & ConditiotM . . . . . .__._............_................. ..__. . . . . . . . . . . . . . . . .._.................................................................. . . . . 
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EXHIBIT 4-3 

CONSISTENCY FOR COHESIVE SOILS 

Unconfi ncd 
Compressive 

Consistency 
(Blows Strength 

per Foot) (tons/square 
Field Identification 

foot by pocket 
penetration 

Very soft oto2 Less than 0.25 Easily penetrated several inches by fist 

soft 2to4 0.25 to 0.50 Easily penetrated several inches by thumb 

Medium stiff 4to8 0.50 to 1 .o Can be penetrated several inches by 
thumb with moderate effofi 

Stiff 8to 15 1 .o to 2.0 Readily indented by thumb but penetrated 
only with great l ffon 

Very stiff tsto30 2.0to 4.0 Readily indented by thumbnail 
. 
Hard Over 30 More than 4.0 Indented by thumbnail 
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EXHIBIT U 

BEDDING THICKNESS ClASSlFlCATlON 

Classification 

Micro Laminated 

(Weir, 1973 and Ingram, 1954) 

I 
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GRAlN SIZE CLASSlFlCATlON FOR ROCKS 

Particle Name .Grain Size Diameter 

Cobbles >64mm 
. 

Pebbles 444mm 

Granules 2-4 mm 

Very Coarse Sand 1-2 mm 

Coarse Sand 0.5-l mm 

Medium Sand 0.250.5 mm 

Fine Sand 0.12S-O.25 mm 

Very Fine Sand 0.06259.125 mm 

Silt 0.003940625 mm 

After Wentwonh, 1922 
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PROJECT NO.: _. .@I9 Y . DATE: .!I.- al?83 _ DRILLER: l3. Gouuw 
ELEVATION: 510.0’1 FiELDGEOlOGISt 53 -& ._ 
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I I I 
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1.0 PURPOSE 

The purpose of this procedure is to provide reference infOrmatiOn regarding the appropriate 
procedures to be followed when conducting decontamination activities of drilling equipment and 
monitoring well materials used during field investigations. 

2.0 SCOPE 

This procedure addresses only drilling equipment and monitoring well materials decontamination, 
and shall not be considered for use with chemical sampling and field analytical equipment 
decontamination. 

3.0 GLOSSARY 

None: 

4.0 RESPONSlWUTlES 

Field Operations Leader - Responsible for ensuring that project specific plans and the implementation 
of field investigations are in compliance with these procedures. 

5.0 PROCEDURES 

To insure that analytical chemical results are reflective of the actual concentrations present at 
sampling locations, various drilling equipment involved in field investigations must be properly 
decontaminated. This will minimize the potential for cross-contamination between sampling 
locations, and the transfer of contamination off site. 

Prior to the initiation of a drilling program. all drilling equipment involved in field sa’mpling activities 
shall be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure 
shall be performed using a high-pressure spray of heated potable water producing a pressurized 
stream of steam. This steam shall be sprayed directly onto all surfaces of the various equipment which 
might contact environmental sample. The decontamination procedure shall be performed until all 
equipment is free of all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In 
addition, this decontamination procedure shall be performed at the completion of each sampling 
and/or drilling location, including soil borings, installation of monitoring wells, test pits, etc. Such 
equipment shall include drilling rigs, backhoes, downhole tools, augers, well casings, and screens. 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters, and 
can be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 
provided which is connected to a holding facility. A shallow above-surface tank may be used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases, due to budget constraints, such an elaborate decontamination pad is not possible. In 
such cases, a plastic lined gravel bed pad with a collection system may serve as an adequate 
decontamination area. The location of the steam cleaning area shall be on site in order to minimixe 
potential impacts at certain sites. 
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Guidance to be used when decontaminating equipment shall include: 

l & a general rule, any part of the drilling rig which extends over the borehole, shall be 
steam cleaned. 

l All drilling rods, augers, and any other equipment which will be introduced to the hole 
shall be steam cleaned. 

l The drilling rig, all rods and augers, and any other potentially contaminated equipment 
shall be decontaminated between each well location to prevent cross contamination of 
potential hazardous substances. 

Rinsate samples of well casing and screens may be necessary if specifically required for a given site. If 
required, at least 1 percent, and no more than S percent of steam cleaned lengths of casing and 
screens combined shall be sampled. 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling 

rigs and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned. A 
drilling rig left at the drilling location does not need to be steam cleaned until it is finished drilling at 
that location. 

6.0 RECORDS 

None. 
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5.0 PROCEDURES 

5.1 EQUlPMENl/lTEMS NEEDED 

Below is a list of items that may be needed while installing a monitoring well. 

l Health and safety equipment as required by the site safety officer. 

l Well drill.ing and installation equipment with associated materials (typically supplied by the 
driller). 

l Hydrogeologic equipment (weighted engineers tape, water level indicator, retractable 
engineers rule electronic calculator, clipboard, mirror and flashlight - for observing 
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well 
installation forms, and a field notebook). 

i Drive point installations tools (Sledge Hammer, drop hammer, or mechanical vibrator; 
tripod, pipe wrenches, drive points, riser pipe, and end caps). 

5.2 WELL DESIGN 

The objectives for each monitoring well and its intended use must be clearly defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the 
well design, attention must be given to clearly documenting the basis for design decisions, the details 
of well construction, and the materials to be used. The objectives for installing the monitoring wells 
may include: 

l Determining groundwater flow directionsand velocities. 
0 Sampling or monitoring for trace contammants. 
l Determining aquifer charactenstlcs (e.g., hydraulic conductivity) 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
directlon. In most cases, these can be determined through the review of geologic data and the site 
terrain. In addition, production wells or other monitoring wells in the area may be used to determine 
the groundwater flow direction. If these methods cannot be used, piezometers, which are relatively 
inexpenslve to install, may have to be installed in a preliminary phase to determine groundwater 
flow direction. 

52.1 Well Depth, Diameter. and Monitored Interval 

The well depth, diameter, and monitored internal must be tailored to the specific monitoring needs 
of each investigation. Specification of these items generally depends on the purpose of the 
monitoring system and the characteristics of the hydrageologic system being monitored. Wells of 
different depth, diameter, and monltored interval can be employed in the same groundwater 
monitormg system. For instance, varying the monitored interval in several wells, at the same location 
(cluster wells) can help to determine the vertical gradient and the levels at which contaminants are 
present. Conversly. a fully penetrating well is usually not used to quantify or vertically locate a 
contamination plume, since groundwater samples collected in wells that are screened over the full 
thickness of the water bearing zone will be representative of average conditions across the entire 
monitored interval. However, fully penetrating wells can be used to establish the existence of 
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contamination in water. bearing tone. The well diameter would depend upon the hydraulic 
characteristics of the water bearing zone. Sampling requirements, drilling method and cost. 

The decision concerning the monitored intervai and well depth is based on the following 
information: 

l The veflical location of the contaminant source in relation to the water bearing zone. 

l The depth, thickness and uniformity of the water bearing zone. 

l The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

l Fluctuation in groundwater levels (due to pumping, tidal influences, or natural 
recharge/discharge events). 

l The presence and location of contaminants encountered during drilling. 

l Whether the purpose of the installation is for determining ,existence or non-existence of 
contamination or if a particular stratigraphic zone is being investigated. 

l The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the 
well and the site conditions, monitored intervals are 20feet or less. Shoner screen lengths 
(1 to 2 feet) are usually required where flow lines are not horizontal, (ic., if the wells are to be used 
for accurate measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well 
depends on the application. In determming well diameter, the following needs must be considered: 

0 Adequate water volume for sampling. 
l Drilling methodology. 
l Type of sampling device to be used. 
. costs 

Standard monitoring well diameters are 2, 4, 6, or ainches. 
l-l/4 or 2 inches in diameter. 

However, drive points are typically 
For monitoring programs which require screened monitoring wells, 

either a 2-inch or O-inch diameter well is preferred. TypIcally, well diameters greater than 4 inches are 
used in monitoring programs in which open hole monitonng wells are required. In the smaller 
diameter wells, the volume of stagnant water in the well is minimized, and well construction costs are 
reduced, however, the type of sampling devices that can be used are limited. In specifying well 
diameter, sampling requirements must be considered. Up to a total of 4gallons of water may be 
requtred for a single sample to account for full organic and inorganic analyses, and split samples. The 
water in the monitoring well available for sampling is dependent on the well diameter as follows: 
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Casing Inside 
Standing Water Depth to Total Depth of Standing 

Diameter, Inch 
Obtain 1 Gal Water Water for 4 Gal. 

(feet) (fed 
1 

2 6.13 25 
I 

4 1.53 6 
I 

6 0.68 3 
b 

However, if a specific well recharges quickly after purging, then well diameter may not be an, 
important factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, in 
small diameter wells.in-situ permeability tests can be performed during drilling or after well 
installption is completed. 

5.2.2 Riser Pioe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
an additional specification of slot size. Thickness of pipe is referred to as ‘schedule” for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness 
is often referred to as “Strength” and Standard Strength is usually adequate for monitoring well 
purposes. With larger diameter pipe, the wall thickness must be greater to maintain adequate 
strength. The required thickness is also dependent on the method of installation;-risers for drive 
points require greater strength than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of 
subsurface materials in which the well penetrates, the type of contamination expected, and natural 
water quality and depth. Cost and the level of accuracy required are also important. The materials 
generally available are Teflon, stainless steel, PVC, galvarmed steel, and carbon steel. Each has 
advantages and limitations (see Attachment A of this guideline for an extensive discussion on this 
topic). The two most commonly used materials are PVC and stainless steel for wells in which screens 
are installed and are compared in Attachment B. Stainless steel is preferred where trace metals or 
organic sampling is required; however, costs are high. Teflon materials are extremely expensive, but 
are relatively inert and provide the least opportunity for water contamination due to well materials. 
PVC has many advantages, including low cost, excellent availability, light weight, and ease of 
manipulation; however, there are also some questions about organic chemical sorption and leaching 
that are currently being researched (see Barcelona et al., 1983). Concern about the use of PVC can be 
mmtmired if PVC wells are used strictly for geohydrologic measurements and not for chemical 
sampling. The crushing strength of PVC may limit the depth of installation, but schedule 80 materials 
normally used for wells greater than 50 feet deep may overcome some of the problems associated 
with depth. However, the smaller inside diameter of Schedule 80 pipe may be an important factor 
when considering the size of bailers or pumps to be used for sampling or testing. Due to this 
problem, the minimum well pipe size recommended for schedule 80 wells is 4 inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe, may 
corrode and release metal ions or chemically react with organic constituents, but this is considered by 
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not 
recommended for metal analyses, as zinc and cadmium levels in groundwater samples may be 
elevated from the zinc coating. 
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Threaded, flush-joint casing is most often preferred for monitoring Well applications. PVC, Teflon, 
and steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is 
also acceptable. Glued PVC may release organic contamination into the well and therefore should 
not be used if the well is to be sampled for organic contaminants. 

When the water bearing zone is in consolidated bedrock, such as limestone or fractured granite, a 
well screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated 
materials, such as sands, clay, and silts require a screen., A screen slot size of 0.010 or 0.020 inch is 
generally used when a screen is necessary and the screened interval is artificially packed with a fine 
sand. The slot size controls the quantity of water entering the well and prevents entry of natural 
materials or sand pack. The screen shall pass no more than 10 percent of the pack material, or in-situ 
aquifer material. The rig geologist shall specify the combination of screen slot size and sand pack 
which will be compatible with the water bearing zone, to maximize groundwater inflow and 
minimize head losses and movement of fines into the wells. (For example, as a standard procedure, a 
Morie No. 1 or Dttowa sand may be used with a 0.010.inch slot screen, however, with a 0.020.inch slot 
screen; the filter pack material must be the material retained on a No. 20 to No. 30 U.S.. standard 
sieve.) 

5.2.3 Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a fine 
to medium grained well graded, silica sand. The quantity of sand placed in the annular space is 
dependent upon the length of the screened interval but should always extend at least 1 foot above 
the top of the screen. At least one to three feet of bentonite pellets or equivalent shall be placed 
above the sand pack. The cement-bentonite grout or equivalent extends from the top of the 
bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally, i.e., no artificial sand pack will be installed, and the natural formation material will 
be allowed to collapse around the well screen after the well is installed. This method has been 
utilized where the formation material itself is a relatively uniform grain size, or when artificial sand 
packing is not possible due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of 
the oentonite pellets to the surface. The grout effectively seals the well and eliminates the possibility 
for surface infiltration reaching the screened interval. Grouting also replaces material removed 
during drilling and prevents hole collapse and subsidence around the well. A tremie pipe should be 
used to introduce grout from the bottom of the hole upward, to prevent bridging and to provide a 
better seal. However, in boreholes that don’t collapse, it may be more practical to pour the grout 
from the surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and 
occupies the annular space above the bentonite pellet seal. Grout, most of the time, is made up of 
two assemblages of material, i.e., a cement-bentonlte grout. A cement bentonite grout normally is a 
mixture of cement, bentonite and water at a ratio of one 9O-pound bag of Portland Type I cement, 
3-5 pounds of granular or flake-type bentonite and 6 gallons of water. A neat cementis made up of 
one ninety-pound bag of Portland Type I cement and 6 gallons of water. 

I I 
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In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets or 
equivalent. A short (1’.2’) section of capped riser pipe sump is sometimes installed immediately below 
the screen, as a silt reservoir, when significant post-development silting is anticipated. This will 
ensure that the entire screen surface remains unobstructed. 

5.2.4 Protective Casinq 

When the well is completed and grouted to the surface, a protective steel casing is often placed over 
the top for the well. This casing generally has a hinged cap and can be locked to prevent vandalism. 
A vent hole shall be provided in the.cap to.allow venting of gases and maintain atmospheric pressure 
as water levels rise or fall in the well. The protective casing has a larger diameter than the well and is 
set into the wet cement grout over the well upon completion. In addition, one hole is drilled just 
above the cement collar through the protective casing which acts as a weep hole for the flow of 
water which may enter the annulus during well development, purging, or sampling. 

A Protective casing which is level with the ground surface is used in roadway or parking lot 
applications where the top of a monitoring well must be below the pavement. The top of the riser 
pipe is placed 4to 5 inches below the pavement, and a locking protective casing is cemented in place 
to 3 inches below the pavement. A large diameter protective sleeve is set into the wet cement around 
the well with the top set level with the pavement. A manhole type lid placed over the protective 
sleeve. The cement should be slightly mounded to direct pooled water away from the well head. 

5.3 MONITORING WELL INSTALLATION 

5.3.1 Monitorina Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
Installation will partially be dictated by the stability of the formation in which the well is being 
placed. If the borehole collapses immediately after the drilling tools are withdrawn, then a 
temporary casmg must be installed and well installation will proceed through the center of the 
temporary casing, and continue as the temporary casing is withdrawn from the borehole. In the case 
of hollow stem auger drilling, the augers will act to stabilize. the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineers rule to ensure proper well placement. When measuring sections, the 
threads on one end of the pipe or screen must be excluded while measuring, since the pipe and screen 
sections are screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, then the sand pack can be 
installed. A weighted tape measure must be used during the procedure in order to carefully monitor 
installation progress. The sand is poured into the annulus between the riser pipe and temporary 
casing, as the casing is withdrawn. Sand should always be kept within the temporary casing during 
withdrawal in order to ensure an adequate sand pack. However, if too much sand is within the 
temporary casing (greater than 1 foot above the bottom of the casing) bridging between the 
temporary casing and riser pipe may occur. 

After the sand pack is installed to the desired depth, (at least 1 foot above the top of the screen) then 
the bentonite pellet seal or equivalent, can be installed, in the same manner as the sand pack. At 

least 1 to 3 feet of bentonite pellets should be installed above the sand pack. 

D334901 
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The cement.bentonite grout is then mixed and either poured or tremied into the annUlUs as the 
temporary casing or augers are withdrawn. Finally, the protective casing can be installed as detailed 
in Section 5.2.4. 

In stable formations where borehole collapse does not occur, the well can be installed as discussed 
above, and the use of a temporary casing is not needed. However, centralizers may have to, be 
installed, one above, and one below the screen, to assure enough annular space for sand pack 
placement. A typical overburden monitoring well sheet is shown. 

5.3.2 Confinino’Laver Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well instalk&n techniques must be . 
applied to avoid cross contamination between. Under most conditions, this can be accomplished by 
installing do&It-cased wells. This is accomplished by drilling a large diameter boring through the 
upper aquifer, 1 to 3 feet into the underlying confining layer, and setting and pressure grouting or 
tremie grouting the outer casing into the confining layer. The grout material must fill the space 
between the native material and the outer casing. A smaller diameter boring is then continued 
through the confining layer for installation of the monitoring wail as detailed for overburden 
monitoring wells, with the exception of not using a temporary casing during installation. Sufficient 
time which will be determined by the rig geologist; must be allowed for setting of the grout prior to 
drilling through the confined layer. A typical confining layer monitoring well sheet is shown in 
Attachment C. 

5.3.3 Bedrock Monitorinq Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden 
and approxtmately 5 feet into the bedrock. A casing (typically steel) is installed and either pressure 
grouted or tremie grouted in place. After the grout is cured, a smaller diameter boring is continued 
through the bedrock to the desired depth. If the boring does not collapse, the well can be left open, 
and a screen is not necessary. If the boring collapses, then a screen is required and can be installed as 
detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is 
installed through the overburden and into the bedrock does not require grouting and can be 

installed temporary until final well installation is completed. Typical well construction forms for 
bedrock monitoring wells are shown in Attachment C. 

5.3.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. 
The screen is threaded and tightened onto the riser pipe with pipe wrench=. The drive point is 
simply pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a 
tripod and pulley setup is required to lift the hammer. Drive points typically cannot be driven to 
depths exceeding 10 feet 

53.5 Innovative Monitorina Well Installation Techniques 

Certain innovative sampling devices have proven advantageous. These devices are essentially 
screened samplers installed in a borehole with only one or two small-diameter tubes enending to the 
surface. Manufacturers of these types of samplers claim that four samplers can be installed in a 3-inch 
diameter borehole. This reduces drilling costs, decreases the volume of stagnant water, and provide 
a sampling system that minimizes CrDo contamination from sampling equipment. These samplers 
also perform well when the water table is within 25 feet from the surface (the typical range of suction 
pumps). Two manufacturers of these samplers are Timco Manufacturing Company, Inc., of 
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Prairie du Sac, Wisconsin, and BARCAD Systems, Inc., of Concord, Massachusetts. Each offers various 
construction materials. 

Two additional types of multilevel sampling systems have been developed. Both employ individual 
screened openings through a small-diameter casing. One of these systems (marketed by Westbay 
instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampling probe 
to obtain samples and head measurements or perform permeability tests. this system allows sampling 
pons at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter. 

The other system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires 
field assembly of the individual sampling ports and tubes that actuate a simple piston pump and force 
the samples to the surface. Where the depth to ground water is less than 25 feet, the piston pumps 
are not required. The assembly is made of easily obtained materials; however, the cost of labor to 
assemble these monitoring systems may not be cost-effective. 

WELL DEVELOPMENT METHODS 

The purpose of well development is to stabilize and increase the permeability of the gravel pack 
around the well screen, and to restore the permeability of the formation which may have been 
reduced by drilling operations. Wells are typically developed until all fine material and drilling water 
is removed from the well. Sequential measurements of pH, conductivity and temperature taken 
during development may yield information (stabilized values) that sufficient development is reached. 
The selection of the well development method (shall) be made by the rig geologist and is based on 
the drilling methods, well construction and installation details, and the characteristics of the 
formation that the well is screened in. The primary methods of well development are summarized 
below. A more detailed discussion may be found in Driscoli (1986). 

Overoumoina and Backwashinq - Wells may be developed by alternatively drawing the water level 
down at a hrgh rate (by pumping or bailing) and then reversing the flow direction (backwashing) so 
that water is passing from the well into the formation. This back and forth movement of water 
through the well screen and gravel pack serves to remove fines from the formation Immediately 
adjacent to the well, while preventing bridging (wedging) of sand grains. Backwashing can be 
accomplished by several methods including pouring water into the well and then bailing, starting and 
stopptng a pump intermittently to change water levels, or forcing water into the well under pressure 
through a water-tight fitting (“rawhiding”). Care should be taken when backwashing not to apply 
too much pressure, which could damage or destroy the well screen. 

Surqino with a Surae Plunaer - A surge plunger (also called a surge block) is approximately the same 
diameter as the well casing and is used to agitate the water, causing it to move in and out of the 
screens. This movement of water rpulis fine materials into the well, where they may be removed by 
any of several methods, and prevents bridging of sand particles in the gravel pack. There are two 
basic types of surge plungers; solid and valved surge plungers. In formations with low yields, a valved 
surge plunger may be preferred, as solid plungers tend to force water out of the well at a greater rate 
than it will flow back in. Valved plungers are designed to produce a greater inflow than outflow of 
water during surging. 

Comoressed Air - Compressed air can be used to develop a well by either of two methods: 
backwashing or surging. Backwashing is done by forcing water out through the screens. usmg 
increasing air pressure inside a sealed well, then releasing the pressurized air to allow the water to 
flow back into the well. Care should be taken when using this method so that the water level does 
not drop below the top of the screen, thus reducing well yield. Surging, or the “open well” method, 
conststs of alternately releasing large volumes of air suddenly into an open well below the water level 
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to produce a strong surge by virtue of the resistance of water head, friction, and inertia. Pumping the 
well is subsequently done with the air lift method. 

Hioh Veiocitv Jettinq - In the high velocity jetting method, water is forced at high velocities from a 
plunger-type device and through the well screen to loosen fine panicles from the sand pack and 
surrounding formation. The jetting tool is slowly rotated and raised and lowered along the length of 
the well screen to develop the entire screened area. Jetting using a hose lowered into the well may 
also be effective. The fines washed into the screen during this process can then be bailed or pumped 
from the well. 

6.0 REFERENCES 

Scalf, M. R., 1. F. McNabb, W. J. Dunlap, R. L. Cosby, and J. Fryberger, 1981. Manual of Groundwater 
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I Barcelona, M. J., P. P. Gibb and R. A. Miller, 1983. A Guide to the seiection of Materials for Monitoring 
Well Construction and Groundwater Samolinq ISWS Contract Report 327, Illinois State Water Survey, 
Champaign, Iliinors. 

U.S. EPA, 1980. Procedures Manual for Groundwater Monitorina of Solid Waste Disoosai Facilities, 
Publication SW-61 1, Office of Solid Waste, U.S. EPA, Washington, DC 

Driscoli, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St. Paul, Minnesota, 1989 p. 

7.0 RECORDS 

A critical part of monitoring well installation is recording of significant details and events in the field 
notebook. The Geologist must record the exact depths of significant hydrogeoiogical features screen 
placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (Attachment Q shall be used which allows the uniform recording of data for 
each rnstailatlon and rapid identification of missing information. Well depth, length, materials of 
construction, length and openings of screen, length and type of riser, and depth and type of all 
backfill materials shall be recorded. Additional information (shall) include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. The documentation 
is very important to prevent problems involving questionable sample validity. Somewhat different 
information will need to be recorded.depending on whether the well is completed in overburden, in 
a confined layer, In bedrock with a cased well, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important. The Geologist 
shall calculate the annular space volume and have a general idea of the quantity of material needed 
to fill the annular space. Volumes of backfill significantly higher than the calculated volume may 
indicate a problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any 
problems with rig operation or down time shall be recorded and may determine the driller’s final fee. 
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TABLE 74 REUTlVE COMPATIBIUTY OF RIGID WELL-CASING MATERIAL (PERCENT) 

PVC 1 

100 

98 

100 

64 

91 

Galvantzed 
Carbon Steel 

Lo-ubon Statnleu Stainless 

steel Steel steel 304 steel 316 
Tef Ion l 

56 51 59 97 100 100 

59 43 47 96 100 100 

48 57 60 80 62 100 

69 73 73 98 100 100 

56 56 59 93 96 100 

Prehminarv Rankma of Riaid Matenab 

Teflon. 

StaInless Steel 316 

Stainless Steel 304 

PVC 1 

Lo-Carbon Steel 
Galvanized Steel 

Carbon Steel 
Trademark of DuPont 

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERlALS (PERCENT) 
A 

PVC 
PC 

PE PE 

Flextble Conv. 
PMM 

Ltnerr 
Won* Siltcone Neoprene Teflon- 

\ 

DuHmd we.8 Ad 97 97 100 97 90 92 07 65 100 

wrat ACd 92 90 94 96 70 70 75 75 100 

MInerAl rcldmqn sc4dr 100 100 100 100 95 loo 78 62 100 
, 

AowowOr~nlc Mmum 62 71 40 60 49 70 49 44 100 

hmnc ovrmll nartnq 88 90 04 88 70 67 72 72 100 
. 

1 

2 
3 
4 

5 
6 
7 

Source: 
. 

Prehmtnaw Rankma of Sem+Rlald or Elastomertc MaterlaIr 

Teflofl 

Polypropylene (PP) 
PVC flexlble/PE hear 
Won* 

PE ConventIonal 

PlexiglaYLucrte (PMM) 

S~IIconelNeOvfene 

Barcelona et al.. 1963 
Trademark of DuPont 
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COMPARISON OF STAINLESS STEEL AND PVC FOR MONJTDRING WELL CONSTRUC7lON 

Characteristic 

Strength 

Stainless Steel 

Use in deep wells to prevent 
compression and closing of 
screen/riser. 

PVC 

Use when shear and compressive 
strength not critical. 

Weight 

cost 

Corrosivity 

Relatively heavier 

Relatively expensive 

Deteriorates more rapidly in 
corrosive water 

Lightweight, floats in water 

Relatively inexpensive 

Non-corrosive-may deteriorate in 
presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated HC 

Ease of Use Difficult to adjust size or length in Easy to handle and work in the field. 
the field. 

Preparation for Use Should be steam-cleaned for 
organics sampling 

Never use glue fittings-pipes should be 
threaded or pressure-fitted. Should be 
steam cleaned if used for monitoring 
wells. 

InteractIon with May sorb organic or inorganic 
Contaminants* substances when oxidized 

May sorb or release organic substances. 

l See also Attachment A. 
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-NUS 
I eoFpoRnTloN 

A ~ahbunon Comanv 

3091:.; ‘.C 

OVERBURDEN 

PROJECT 
PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

LOCATION 
8ORlNG 
DATE 

0R1uElt 
ORllllYG 
Mt3WOO 
DfVELOPMEIuT 
ME‘rCOO 

- ELEVATION OF TOP OF SURFACE aSING : 
* , ELEVATION OF TDP OF RISER P’PE: 

I 
: - STICK - UPTOPOF SURFACE CASING: 
. . STICK - UP RISER PIPE : 

WPE OF SURFACE SEAL: 

I.D. OF SURFACE C*SINC: 
TYPE OF SURFACE CASING’ 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

I 

BOREHOLE DIAMETER: 
I 

TYPE OF BACKFILL: 

ElEVAflONI DEPTH TOP OF SEAL: 

TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

ELEVATION I OEFlH TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOT SIZE 8 LENGTH: 

I.D OF SCREEN: 

TYPE OF SAN0 PACK: 

ElEVATlONIOEPTHlO~OMOFSUEEN: 

ElEVATlC)Y I DEPTH IOn? OF SAN0 PACK: 
TYPE Of tACKFlU IELOW DOSERVATION 

ELEVATION/ OEPWOF nOlE: 
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BORING NO.: 

CONFINING LAYER 
MONITORING WELL SHEET 

OEVELOPMENT 

ELEVATION OF TOP OF PERM. CASING : 
ELEVATION OF TOP OF RISER PIPE: 

TYPE OF SURFACE SEAL: 

TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

PERM CASING I.D 

ELEVATION I DEPTH TOP CONFINING LAYER: 
ELEVATION I DEPTH BOnOM OF CASING: 
ELEVATION I DEPTH ROT. CONFINING LAYER: 

ELEVATION I DEPTH TOP OF SEAL: 
TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 

NPE OF SAND PACK: 

BOREHOLE DIA. BELOW UING; 

ELEVATION I OEPTH EO7lOM OF SCREEN: 

ELEVATION/ DEPTH BOlTDM OF SAND PACK: 
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AlTACHMENT C 
PACE THREE 

BORING NO.: 

BEDROCK 
MONITORING WELL SHEET 

OPEN HOLE WELL 

\ 

I 

ROJECT LOCATION 
DRIUER 
DRILLING 

ROJECT NO. BORING 
DATE 

METHOD 
LEVATION 
CL0 GE OLOClST 

GE%FENT ,/ 

TO II. 
=Ill=ll 

z 

I’ 
z 

i 

\1 

- ELEVATION OF foe OF C*SING: 

- STICK UP Of CASING ABOVE GROUND 
SUIIFACE: 

I.D. OFWING: 
- TYPE OF CASING: 

TEMP. IPERM.: 

- DEPTH TO TOP OF ROCK. 

\ 

- DEPTH TO BOnOlU CASING: 

- DIAMETER OF HOLE IN BEDROCK: 

DESCRlbE IF CORE I REAMED WITH BIT: 

DESCRllE JOINTS IN OEDROCK AND DEPTH: 

ELEVAtlONlDEPTbl OF MOLE: 

I 
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BORING NO.: 

BEDROCK 
MONITORING WELL SHEET 

RISER PIPE I.D. 
TYPE Of RISER 

ELEV4TION I D 
tVPE Of SEAL: 

ELEVATION I DEPTH TOP Of SAND PACK: 

ELEVITlONlDEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 

TYPE OF SAND PAW 

ELEVATION I DEPTH BOnOM Of SCREEN: 

ELEV4TlON I DEPTH RO7lOM OF SAND P4CK: 
TYPE OF BACKFILL BELOW OllSERVAtlON 

ELEVATION I omn OF now 
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ATTACHMENT C 
PAGE FIVE 

SORING NO 
BEDROCK 

Q 

MONITORING WELL SHEET 
AWlkrW,CamPury WELL INSTALLED IN BEDROCK f 

’ PROJECT 

LD GEOLOGIST 

LOCATION 
BORJNG 
OAtE 

DRILLER 
DRILLING 
METHOD 
DEVELOPMENT 
MEW00 

ELEVATION OFTOPOFSURFACE CASING. 

STICK UP OF CCLSlNG 48OVE GROUND 

ELEVATION TOP OF RISER. 
TYDE OF SURFACE SEAL: 

DIAMETER OF NOLE: 

EVATON I DEP 
EVATION I DEP 

ELEVATION I DEPTH TOP Of SAN 

tLEV4TlON I DEPTH TOP OF SCREEN: 

-“Pf OF SCREEN. 

SLOT SiZE a LENGTH: 

‘VPC OF SAND PACK. 

_ Ol4METER OF HOLE IN IEDROCK: 

CORE I REAM. 

ELEVATION I DEPTu IOTTOM SCREEN: 

ELEVATION I OEPTr ROmDM OF uOLE: 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information on the sampling of 
groundwater wel Is. The methods and equipment described are for the collection of water samples 
from the saturated zone of the subsurface. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniques for groundwater 
sampling. Review of the information contained herein will facilitate planning of the field sampling 
effort by describing standard sampling techniques. The techniques described shall be followed 
whenever applicable, noting that site-specific conditions or project-specific plans may require 
adjustments in methodology. 

3.0 GLOSSARY 

None. 
1 

4.0 RESPONSlBlUTlES 

Site Hvdrooeoloqist or Geochemist - responsible for selecting and detailing the specific groundwater 
sampling techniques and equipment to be used, documenting these in the Project Operations Plan 
(POP), and properly briefing the site sampiing personnel. 

Site Geoloalst - The Site Geologist is primarily responsible for the proper acquisition of the 
groundwater samples. When appropriate, such responsibilities may be performed by other qualified 
personnel (engineers, field technicians). 

Site Manaoer- The Site Manager is responsible for reviewing the sampling procedures used by the 
fteld crew and for performing in-field spot checks for proper sampling procedures. 

5.0 PROCEDURES 

5.1 GENERAL 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
water being sampled. The physical, chemical, and bactenoiogical integrity of the sample must be 
maintained from the time of sampling to the time of testtng in order to keep any changes in water 
quality parameters to a mtnimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative 
sample of the groundwater are to avoid collectlon of stagnant (standing) water In the well and to 
avoid physical or chemical alteration of the water due to sampling techniques. In a non-pumping 
well, there will be little or no venlcal mixing of water In the well pipe or casing, and stratification will 
occur. The well water in the screened section will mix with the groundwater due to normal flow 
patterns, but the well water above the screened section will remain isolated and become stagnant. 
TO safeguard against collecting non-representative stagnant water in a sample, the following 
approach shall be followed prior to sample acquisition: 

033490 1 
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1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation Of three to 
five volumes is recommended for a representative sample. In a high-yielding groundwater 
formation and where there is no stagnant water in the well above the screened section, 
evacuation prior to sample withdrawal is not as critical. 

2. For wells that can be purged to dryness with the sampling equipment being used, the well 
shall be evacuated and allowed to recover prior to sample acquisition. If the recovery rate 
is fairly rapid, evacuation of more than one volume of water is Preferred. 

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no 
absolute safeguard against contaminating the sample with stagnant water. One of the. 
following techniques shall be used to minimize this possibility: 

l A submersible pump, intake line of a surface pump or bailer shall be placed just below the 
water surface when removing the stagnant water and lowered as the water level 
decreases. Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. Once this is accomplished a bailer 
may be used to collect the sample for chemical analysis. 

l The inlet line of the sampling pump (or the submersible pump itself) shall be placed near’ 
the bottom of the screened section, and approximately one casing volume of water shall 
be pumped from the well at a rate equal to the well’s recovery rate. 

Stratification of contaminants may exist in the aquifer formation, both in terms of a concentration 
gradients due to mixing and dispersion processes in a homogeneous layer, and in layers of variable 
permeability into which a greater or lesser amount of the contaminant plume has flowed. Excessive 
pumping can dilute or increase the contaminant concentrations in the recovered sample compared to 
what is representative of the integrated water column at that point, and thus result in the collection 
of a non-representative sample. 

5.2 SAMPLING, MONITORING, AND EVACUATION EQUIPMENT 

Sample containers shall conform with EPA regulations for the appropriate contaminants. 

The followmg equipment shall be on hand when sampling ground water wells: 

l Sample packaaino and shippino eauipment - Coolers for sample shipping and cooling, 
chemical Pmwmatives, appropriate packing containers and filler, ice, labels and chain-of- 
custody documents. 

l Field tools and instrumentation - Thermometer; pH paper/meter; camera and film; tags; 
aPProPnate keys (for locked wells); engineers rule; water-level indicator; where 
applicable, specific-conductivity meter. 

0 Pumps 

- Shallow-well Pumps-Centnfugal, pitcher, suction, or peristaltic pumps with droplines, 
air-lift apparatus (compressor and tubing) where applicable. 

- Deep-well pumps-lubmerrible pump and electrical power generating unit, or air-lift 
apparatus where applicable. 

0334901 
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l Other samolino eouipment - Bailers and monofilament line with tripod-pulley assembly (if 
necessary). Bailers shall be used to obtain samples for volatile organlcs from shallow and 
deep groundwater wells. 

l Pails - Plastic, graduated. 

l Decontamination solutions - Distilled water, Alconox, methanol, acetone. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, 
sterilized, and reused, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well flushing and sample collection. 

5.3 CALCULATIONS OF WELL VOLUME 

To insure that the proper volume of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily 
calculated by the following method. Calculations shall be entered in the field logbook and on the 
field data form (Attachment A): 

l Obtain all available information on well construction (location, casing, screens, etc.)‘. 
1 

l Determine well or casing diameter. 

l Measure and record static water level (depth below ground level or top of casing reference 
point). 

l Determine depth of well (if, not known from past records) by sounding using a clean, 
decontaminated weighted tape measure. 

0 Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

l Calculate one static well volume in gallons (V = 0.163Trt). 

where: 

V = Static volume of well in gallons. 
T = Thickness of water table in the well measured in feet, i.e., linear feet of static 

water. 
= Inside radiusof well casing in inches. 

;.I63 = A constant conversion factor which compensates for the conversion of the 
casing radius from Inches to feet, the conversion of cubic feet to gallons, and 
pi. 

l Determine the minimum amount to be evacuated before sampling. 

0334901 
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5.4 EVACUATION OF STATIC WATER (PURGING) 

5.4.1 General 

The amount of flushing a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of 
water resources may require long pumping periods to obtain a sample that is representative of a 
large volume of that aquifer. The pumped volume may be specified prior to sampling so that the 
sample can be a composite of a known volume of the aquifer. Alternately the well can be pumped 
until the parameters such as temperature, electrical conductance, and pH have stabilized. Onsite 
measurements of these parameters shall be recorded on the field data form. 

For defining a contaminant plume, a representative sample of only a small volume of the aquifer is 
required. These circumstances require that the well be pumped enough to remove the stagnant 
water but not enough to induce significant groundwater flow from other areas. Generally three to 
five well volumes are considered effective for purging a well. 

The site hydrogeologist, geochemist and risk assessment personnel shall define the objectives of the 
groundwater sampling program in the Work Plan, and provide appropriate criteria and guidance to, 
the sampling personnel on the proper methods and volumes of well purging. 

5.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment B provides guidance on the proper evacuation device to use for given sampling 
situations. 
available. 

Note that all of these techniques involve equipment which is portable and readily 

5.4.2.1 Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a 
ball check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

l Few limitations on size and materials used for bailers. 
0 No external power source needed. 
l Bailen are inexpensive, and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
l There is minimal outgassing of volatile organics while the sample is in the bailer. 
l Bailers are relatively easy to decontammate. 

Limitations on the use of bailers include the following: 

0 

0 
It is time consuming to remove stagnant water using a bailer. 
Transfer of sample may cause aeration. 

l Use of bailers is physically demanding, especially in warm temperatures at protection levels 
above Level 0. 

0334901 
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5.4.2.2 Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, 
peristaltic, and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at 
a fast pumping rate and for sampling at a low pumping rate. The peristaltic pump is a low volume 
pump (therefore not suitable for well purging) that uses rollers to squeeze a flexible tubing, thereby 
creating suction. This tubing can be dedicated to a well to prevent cross contamination. The pitcher 
pump is a common farm hand-pump. 

These pumps are all portable, inexpensive and readily available. However, because they are based on 
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A 
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organics. In addition, the complex internal components of these pumps may be 
difficult to decontaminate. 

5.4.2.3 Gas-Lift Samplers 

This group of samplers uses gas pressure either in the annuius of the well or in a venturi to farce the 
water up a sampling tube. These pumps are also relatively inexpensive. Gas lift samplers are more, 
suitable for well development than for sampling because the samples may be aerated, leading to pH 
changes and subsequent trace metal precipitation or loss of volatile organics. 

5.4.2.4 Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and 
the displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or 
Impeller. Pumps are available for 2-inch diameter wells and larger. These pumps can lift water from 
conslderable depths (several hundred feet). 

Llmltatlons of this class of pumps include: 

l They may have low delivery rates. 
l Many models of these pumps are expensive. 
l Compressed gas or electric power is needed. 
l Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
l Decontammation of internal components is difficult and time-consuming. 

5.5 SAMPLING 

5.51 Samplina Plan 

The sampling approach consisting of the followmg, shall be developed as part of the POP prior to the 
field work: 

l Background and objectives of sampling. 

l Brief description of area and waste characterization. 

l Identification of sampling locations, with map or sketch, and applicable well construction 
data (well size, depth, screened interval, reference elevation). 



iUbl8Cl 

GROUNDWATER SAMPLE ACQUISITION 

hlummr 
SA-1.1 

P.Q. 
7of 14 

A8vlsioll 
2’ 

E-w Date oS,04/90 

l Intended number, sequence volumes, and types of samples. If the relative degrees of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these shall be sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 

0 Sample preservation requirements. 

l Working schedule. 

0 List of team members. 

l tin of observers and contacts. 

l Other information, such as the necessity for a warrant or permission of entry, requirement 
for split samples, access problems, location of keys, etc. 

5.52 Samplina Methods I 

The collection of a groundwater sample is made up of the following step: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

HSO or designee will first open the well cap and use volatile organic detection equipment 
(HNU or OVA) on the escaping gases at the well head to determine the need for respiratory 
protection. 

When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data in a well sampling data sheet 
(Attachment A); then calculate the fluid volume in the well pipe. 

Calculate well volume to be removed as stated in Section 5.3. 

Select appropriate purging equipment (see Attachment 6). 
with packer is chosen, go to Step 10. 

If an electric submersible pump 

Lower purging equipment or intake into the well to a short distance below the water level 
and begin water removal. Collect the purged water and dispose of it in an acceptable 
manner. Lower the purging device, as required, to maintain submergence. 

Measure rate of discharge frequently. A bucket and stopwatch are most commonly used; 
other techniques include using pipe trajectory methods, weir boxes or flow meters. 

Observe peristaltic pump intake for degassing “bubbles.” If bubbles are abundant and the 
intake is fully submerged, this pump is not suitable for collecting 
organics. Never collect volatile organics samples using a vacuum pump. 

samples for volatile 

Purge a minimum of three-to-five casing volumes before sampling. In low Permeability 
strata (i.e., if the well is pumped to dryness), one volume will suffice. 

If sampling Using a pump, lower the pump intake to midscreen or the middle of the open 
section in uncared wells and collect the sample. If sampling with a bailer, lower the bailer 
to sampling level before filling (this requires use of other than a ‘bucket-tyPe’ bailer). 

0334901 
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Purged water shall be collected in a designated container and disposed of in an acchptabie 
manner. 

10. (For pump and packer assembly only). Lower assembly into well so that packer is 
positioned just above the screen or open section and inflate. Purge a volume equal to at 
least twice the screened interval or unscreened open section volume below the packer 
before sampling. Packers shall always be tested in a casing section above ground to 
determine proper inflation pressures for goad sealing. 

11. In the event that recovery time of the well is very slow (e.g., 24 hours), sample collection 
can be delayed until the following day. If the well has been bailed early in the morning,. 
sufficient water may be standing in the well by the day’s end to permit sample collection. tf 
the well is incapable of producing a sufficient volume of sample at any time, take the 
largest quantity available and record in the logbook. 

12. Add presenrative if required. Label, tag, and number the sample bottle(s). 

13. Replace the well cap. Make sure the well is readily identifiable as the source of the 
samples. 1 

14. Pack the samples for shipping. Attach a custody seal to the front and back of the stiipping 
package. Make sure that traffic reports and chain-of-custody forms are property filled out 
and enclosed or attached. 

15. Decontaminate all equipment 

5.5.3 Sample Containers 

For most samples and analytical parameters, either glass or plastic containers are satisfactory. 

5.5.4 Preservation of Sampler and Samde Volume Reauirements 

Sample preservation techniques and volume requirements depend on the type and concentration of 
the contamtnant and on the type of analysis to be performed. Procedure SF-l .2 describes the sample 
preservation and volume requirements for most of the chemicals that will be encountered iduring 
hazardous waste site investigations. 
microbial samples. 

Procedure SA-4.3 describes the preservation requirement for 

5.5.5 Handling and Transporting Samdes 

After collection, samples shall be handled as little as possible. It is preferable to use self-contained 
‘chemical” ice (e.g., “blue ice”) to reduce the risk of contamination. If water ice is used, it shall be 
bagged and steps taken to ensure that the melted ice does not cause sample containers to be 
submerged and thus possibly become cross-contaminated. All sample containers shall be enclosed in 
plastic bags or cans to prevent cross-contamination. Samples shall be secured in the ice chest to 
prevent movement of sample containers and possible breakage. Sample packing and transportation 
requirements are described in SA-6.2. 

5.5.6 Samole Hoidina Times 

Holding times (i.e. allowed time between sample collection and analysis) for routine samples are 
grven in Procedure SF-l .2. 



5.6 RECORDS 

Records will be maintained for each sample that is taken. The sample log sheet will be used to record 
the following information: 

Sample identification (site name, location, project number; sample name/number and 
location; sample type and matrix; time and date; sampler’s identity). 

Sample source and source description. 

Purge data - prior to removal of each casing volume and before sampling, pH, electrical 
conductance, temperature, color, and turbidity shall be measured and recorded. 

Field observations and measurements (appearance; volatile screening; field chemistry; 
sampling method). 

Sample disposition (preservatives added; lab sent to, date and time; lab sample number, 
EPA Traffic Report or Special Analytical Services number, chain-of-custody number. \ 

Additional remarks - (e.g., sampled in conjunction with state, county, local regulatory 
authorities; samples for specific conductance value only; sampled for key indicator 
analysis; etc.). 

5.7 CHAIN-OF-CUSTODY 

Proper chain-of-custody procedures play a crucial role in data gathering. Procedure SA-6.1 describes 
the requirements for a correct chain-of-custody. 
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Nielsen, D. M. and G. L. Yeates, 1985. A Comoarison of Samoiina Mechanisms Available for Small- 
Diameter Ground Water Monitorina Wells. Ground Water Monitoring Review 5:83-g& 
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4.0 RESPONSIBILITIES 

Field Ooerations Leader - Responsible for determining that chain-of-custody procedures are 
implemented up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record and maintaining custody of 
samples until they are relinquished to another custodian, to the shipper, or to the common carrier. 

Remedial Investioation Leader - Responsible for determining that chain-of-custody procedures have 
been met by the sample shipper and analytical laboratory. 

5.0 PROCEDURES 

5.1 OVERVIEW 

The term “chainof-custody” refers to procedures which ensure that evidence presented in a court of 
law is what it is.reprewnted to be. The chain-of-custody procedures track the evidence from the time 
and place it is first obtained to the courtroom and, secondly, provide security for the evidence as it is 
moved and/or passes from the custody of one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important part of the 
management control of samples. Regulatory agencies must be able to provide the chain of 
possession and custody of any samples that are offered for evidence, or that form the basis of 
analytical test results introduced as evidence. Written procedures must be available and followed 
whenever evidence samples are collected, transferred, stored, analyzed, or destroyed. 

5.2 SAMPLE IDENTIFICATION 

The method of identification of a sample depends on the type of measurement or analysis 
performed. When in-situ measurements are made, the data are recorded directly in bound logbooks 
or other field data records, with identifying Information. 

5.2.1 Sample Label 

Samples, other than in-situ measurements, are removed and transported from the sample location to 
a laboratory or other location for analysis. Before removal, however, a sample is often divided into 
portions, depending upon the analyses to be performed. Each portion is preserved in accordance 
with the Sampling Plan. Each sample container is identified by a sample label (see Attachment B). 
Sample labels are provided by the PMO. The information recorded on the sample label includes: 

l Project: EPA Work Assignment Number (can be obtained from the Sampling Plan) 

0 Station Location: The unique sample number identifying this sample (can be obtained 
from the Sampling Plan). 

l Date: A six-digit number indicating the day, month, and year of sample collection; 
e.g., 12Rll85. 

l Time: A four-digit number indicating the 24hour time of collection (for example: 0954 is 
9:54 a.m., and 1629 is 4:29 p.m.). 

l Medium: Water, soil, sediment, sludge, waste, etc. 

I 
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l Concentration: The expected concentration (i.e., low, medium, high). 

l Sample Type: Grab or composite. 

l Preservation: Type of preservation added and pH levels. 

0 Analysis: VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

l Sampled By: Printed name of the sampler. 

l Case Number: Case number assigned by the Sample Management Office. 

l Traffic Report Number: Number obtained from the traffic repon labels. 

l Remarks: Any pertinent additional information. 

Using just the work assignment number of the sample label maintains the anonymity of sites. This 
may be necessary, even to the extent of preventing the laboratory performing analysis from knowing , 
the identity of the site (e.g., if the laboratory is pan of an organization that has performed previous 
work on the site). 

5.2.2 Samole Identification Taq 

A Sample Identification Tag (Attachment F) must also be used for samples collected for CLP (Contract 
Laboratory Program) analysis. The Sample Identification Tag is a w- =, waterproof paper label, 
approximately 3-by-6 inches, with a reinforced eyelet, and strjrq or w: or attachment to the neck 
of the sample bottle. The Sample Tag is a controlled documenr, and I: xided by the regional EPA 
office. Following sample analysis, the Sample Tag is retained by the Ia Jtory as evidence of sample 
receipt and analysis. 

The following information is recorded on the tag: 

Project Code: Work Assignment Number. . 

Station Number: The middle portion of the Station Location Number, (between the 
hyphens). 

Month/Day/Year: Same as Date on Sample L&e!. 

Time: Same as Time on Sample Label. 

Designate - ComplCrab: Composite or grab sample. 

Station Location: Same as Station Location on Sample Label. 

Samplers: Same as Sampled By on Sample Label. 

Preservative: Yes or No. 

Analyses: Check appropriate box&). 
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l Remarks: Same as Remarks on Sample Label (make sure the Case Number and Traffic 
Repot? numbers are recorded). 

0 Lab Sample Number: For laboratory use only. 

The tag is then tied around the neck of the sample bottle. 

If the sample is to be split, it is aliquoted into similar sample containers. Identical information is 
completed on the label attached to each split. 

Blank, duplicate, or field spike samples shall not be identified as such on the label, as they may 
compromise the quality control function. Sample blanks, duplicates, spikes, and splits are defined in 
Procedure SA-6.6. 

5.3 CHAIN-OF-CUSTODY PROCEDURES 

After collection, separation, identification, and preservation, the sample is maintained under 
chain-of-custody procedures until it is in the custody of the analytical laboratory and has been stored 
or disposed of. 

5.3.1 Field Custodv Procedures 

l Samples are collected as described in the site-specific Sampling Plan. Care must be taken to 
record precisely the sample location and to ensure that the sample number on the label 
matches the sample log sheet and Chain-of-Custody Record exactly. 

l The person undertaking the actual sampling in the field is responsible for the care and 
custody of the samples collected until they are properly transferred or dispatched. 

l When photographs are taken of the sampling as part of the documentation procedure, the 
name of the photographer, date, time, sne location, and site description are entered 
sequentrally in the sate logbook as photos are taken. Once developed, the photographic 
prrnts shall be serially numbered, corresponding to the logbook descriptions. 

l Sample labels shall be completed for each sample, using waterproof ink unless prohibited 
by weather conditions, e.g., a logbook notation would explain that a pencil was used to fill 
out the sample label because a ballpoint pen would not function in freezing weather. 

5.3.2 Transfer of Curtodv and Shipment 

Samples are accompanied by a Chain-of-Custody Record Form. Chain-of-Custody Record Forms used 
in EPA Regions I-IV are shown in Attachments A through D. The appropriate form shall be obtained 
from the EPA Regional Office. When transferring the possession of samples, the individuals 
relinquishing and receiving will sign, date, and note the time on the Record. This Record documents 
sample custody transfer from the sampler, often through another person, to the analyst in the 
laboratory. The Chain-of-Custody Record is filled out as follows: 

o Enter header information (project number, samplers, and project name - project name can 
be obtained from the Sampling Plan). 

l Sign, date, and enterthe time under “Relinquished by” entry. 

0334901 

., ----- -~ 



Enter station number (the station number is the middle portion Of the station location 
number, between the hyphens). 

Check composite or grab sample. 

Enter station location number (the same numoer as the station location on the tag and 
label). 

Enter the total number of containers per station number and the type of each bottle. 

Enter either the inorganic traffic repon number, the organic traffic report number, or the 
SAS number for each station number in the remarks column. 

Enter the tag number from the bottom of the sample identification tag in the remarks 
column for each station location. 

Make sure that the person receiving the sample signs the “Received by’ entry, or enter the 
name of the carrier (e.g., UPS, Federal Express) under “Received by.’ Receiving laboratory 
will sign “Received for Laboratory by’ on the lower line and enter the date and time. , 

Enter the bill-of-lading or Federal Express airbill number under “Remarks,” in the bottom 
right comer, if appropriate. 

Place the original (top, signed copy) of the Chain-of-Custody Record Form in the 
appropriate sample shipping package. Retain the pink copy with field records. 

Sign and date the custody seal, a l-by 3-inch white paper label with black lettering and an 
adhesive backing. Attachment G is an example of a custody seal. The custody seal is part of 
the chain-of-custody process and is used to prevent tampering with samples after they have 
been collected in the field. Custody seals are provided by ZPMO on an as-needed basis. 

Place the seal across the shipping container opening so that it would be broken if the 
container is opened. 

Complete other carrier-required shipping papers. 

The custody record is completed using black waterproof ink. Any corrections are made by drawing a 
line through and initialing and dating the change, then entering the correct information. Erasures 
are not permitted. 

Common carriers will usually not accept responsibility for handling Chain-of-Custody Record Forms; 
this necessitates packing the record in the sample container (enclosed with other documentation in a 
plastic zip-lock bag). As long as custody forms are sealed inside the sample container and the custody 
seals are intact, commercial carriers are not required to sign off on the custody form. 

If sent by mail, the package will be registered with return receipt requested. If sent by common 
carrier or air freight, proper documentation must be maintained. 

The laboratory representative who accepts the incoming sample shipment signs and dates the 
Chain-of-Custody Record, completing the sample transfer process. It is then the laboratory’s 
responsibility to maintain internal logbooks and custody records throughout sample preparation and 
analysis. 
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5.3.3 Receiti for Samdes Form 

Whenever samples are split with a private party or government agency, a separate Receipt for 
Samples Record Form is prepared for those samples and marked to indicate with whom the samples 
are being split. The person relinquishing the samples to.the party or agency shall require the 
signature of a representative of the appropriate party acknowledging receipt of the samples. lf a 
representative is unavailable or refuses to sign, this is noted in the -Received by’ space. When 
appropriate, as in the case where the representative is unavailable, the custody record shall contain a 
statement that the samples were delivered to the designated location at the designated time. This 
form must be completed and a copy given to the owner, operator, or agent-in-charge even if the. 
offer for split samples is declined. The original is retained by the Fieid Operations Leader. 

6.0 REFERENCES 

U.S. EPA, 1984. User’s Guide to the Contract Laboratory Program, Office of Emergency and Remedial 
Response, Washington, D.C. 

7.0 ATTACHMENTS 

Attachment A - Chain-of-Custody Record Form for use in Region I 
Attachment B - Chain-of-Custody Record Form for use in Region II 
Attachment C - Chain-of-Custody Record Form for use in Region Ill 
Attachment D - Chain-of-Custody Record Form for use in Region IV 
Attachment E - Sample Label 
Attachment F - Sample Identification Tag 
Attachment G - Chain-of-Custody Seal 
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Reportable Ouantitv (RQ - A parenthetical note of the form “(RQ-1000/454)’ following an entry in 
the DOT Hazardous Materials table (49 CFR 172.101) indicates the reportable quantity of the 
substance in pounds and kilograms. If a spill of that amount or more of the substance occurs during 
transit or storage, a report must be filed with DOT according to ~171.15-15 concerning hazardous 
materials incidents reports. If the material spilled is a hazardous waste, a report must always be filed, 
regardless of the amount, and must include a copy of the manifest. If the RQ notation appears, it 
must be shown either immediately before or after the proper shipping name on the shipping paper 
(or manifest). Most shipping papers and manifests will have a column designated ‘HM’ which may 
be used for this purpose. 

4.0 RESPONSIBILITIES 

Field Operations Leader or Team Samplina Leader - responsible for determining that samples are 
properly packaged and shipped. 

Samplino Personnel - responsible for implementing the packaging and shipping requirements. 

5.0 PROCEDURES 

5.1 INTRODUCTTON 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
matenat (or waste) samples. In general, environmental samples are collected off-site (for example 
from streams, ponds, or wells) and are not expected to be grossly contaminated with high levels of 
hazardous materials. On-site samples (for example, soil, water, and materials from drums or bulk 
storage tanks, obviously contaminated ponds, lagoons, pools, and leachates from hazardous waste 
sites) are considered hazardous. A distinction must be made between the two types of samples in 
order to: 

0 Determine appropriate procedures for transportation of samples. If there is any doubt, a 
sample shall be considered hazardous and shipped accordingly. 

l Protect the health and safety of laboratory personnel receiving the samples. Special 
precautions are used at laboratories when samples other than environmental samples are 
received. 

5.2 ENVIRONMENTAL SAMPLES 

5.2.1 Packaainq 

Environmental sampks may be packaged followrng the procedures outlined in Section 5.4 for 
samples classified as “flammable liquids’ or ‘flammable solids.’ 
and shipping papers do not apply. 

Requirements for marking, labeling, 

Environmental samples may also be packed without being placed inside metal cans as required for 
flammable liquids or solids. 
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l Place wmple container, properly identified and with a sealed lid, in a polyethylene bag, 
and seal the bag. 

l place sample in a fiberboard container or metal picnic cooler which has been lined with a 
large polyethylene bag. 

l pack with enough noncombustible, absorbent, cushioning materials to minimize the 
possibility of the container breaking. 

0 Seal large bag. 

l Seal or close outside container. 

5.2.2 Markina Laklinq 

Sample containers must have a completed sample identification tag and the outside container must 
be marked “Environmental Sample.’ The appropriate side of the container must be marked ‘This 
End Up’ and arrows placed appropriately. No DOT marking or labeling are required. 

5.2.3 Shiooina Paoen 

No DOT shipping papers are required. However, the appropriate chain-of-custody forms must be 
included with the shipment. 

5.2.4 Transoortation 

There are no DOT restrictions on mode of transportation. 

5.3 DETERMINATTON OF SHIPPING UASSIFICATION FOR HAZARDOUS MATgRlAL SAMPLES 

Samples not determined to be environmental samples, or samples known or expected to contain 
hazardous matenalr, must be considered hazardous material samptes and transported according to 
the requirements listed below. 

5.3.1 Known Substances 

If the substance in the sample.is known or can be identified, package, mark, label and ship according 
to the specific innructions for that material (if it is listed) in the DOT Hazardous Materials Table, 
49CFR 172.101. 

Unz and Company have published the following steps to help in locating a proper shipping name 
from the Hazardous Materials Table, 49 CFR 172.101. 

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol. 
Note that many chemicals have more than one technical name, for example, 
pcrchloroethylene (not listed in 172.101) is also called tetrachloroethylene (listed 172.101). 
It may be useful t0 consult a chemist for all possible technical names a material can have. If 
your material is not listed by its technical name then. . . . . . . 
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2. Look for the chemical family name. For example, pentyl alcohol is not listed but the 
chemical family name is: alcohol, n.o.s. (not otherwise specified). If the chemical family 
name is not listed then. . . . . . . . . 

3. L-k for a generic name based on end use. For example, Paint, n.o.s or Fireworks, n.o.s. If 
a generic name based on end use is not listed then. . . . . . . . . 

4. Look for a generic family name based on end use, for example, drugs, n.o.s. or cosmetics, 
n.o.s. Finally, if your material is not listed by a generic family name but you suspect or 
know the material is hazardous because it meets the definition of one or more hazardous 
classes, then. . . . . . . . 

S. YOU will have to go the the general hazard class for a proper shipping name. For example, 
Flammable Liquid, n.o.s, or Oxidizer, n.o.s. 

5.3.2 Unknown Substances 

For samples of hazardous substances of unknown content, select the appropriate transportation 
category according to the DOT Hazardous Materials Classification (Attachment A), a priority system of , 
transportation categories. 

The correct shipping classification for an unknown sample is selected through a process of 
elimination, utilizing AttachmentA. Unless known or demonstrated otherwise (through the use of 
radiation survey instruments), the sample is considered radioactive and appropriate shipping 
regulations for -radioactive material” followed. 

If a radioactive material is eliminated, the sample is considered to contain “Poison A” materials 
(Attachment E), the next classification on the list. DOT defines ‘Poison A’ as extremely dangerous 
poisonous gases or liquids of such a nature that a very small amount of gas, or vapor of the liquids, 
mlxed with air is dangerous to life. Most Poison A materials are gases or compressed gases and would 
not be found in drum-type containers. Liquid Poison A would be found only in closed containers; 
however,all samples taken from closed drums do not have to be shipped as Poison A, which provides 
for a “worst case. situation. Based upon information available, a judgment must be made whether a 
sample from a closed container is a Poison A. 

If Poison A is eliminated as a shipment category, the next two classifications are ‘flammable” or 
l nonflammable’ gases. Since few gas samples are collected, ‘flammable liquid’ would be the next 
applicable category. With the elimination of radioactive material, Poison A, flammable gas, and 
nonflammable gas, the sample can be classified as flammable liquid (or solid) and shipped 
accordingly. These procedures would also suffice for shipping any other samples classified below 
flammable liquids in the DOT classification table (AttachmentA). For samples containing unknown 
materials, categories listed below flammable liquids/solids on Attachment A are generally not used 
because showing that these materials are not flammable liquids (or solids) requires flashpoint testing, 
which may be impractical and possibly dangerous at a site. Thus, unless the sample is known to 
consist of materials listed as less hazardous than flammable liquid (or solid) on Attachment& it is 
considered a flammable liquid (or solid) and shipped as such. 

For any hazardous material shipment. utilize the shipping checklist (Attachment Q as a guideline to 
ensure that all sample-handling requirements are satisfied. 
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5.4 PACKAGING AND SHIPPING OF SAMPLES CLASSIFIED AS FLAMMABLE LWlD (OR SOW 

5.4.1 Packaainq 

Applying the word ‘flammable” to a sample does not imply that it is in fact flammable. The word 
prescribes the class of packaging according to DOT regulations. 

I. Collect sample in the prescribed container with a nonmetallic, Teflon-lined screw cap. To 
prevent leakage, fill container no more than 90 percent full. 

2. Complete sample label and sample identification tag and attach securely to sample 
container. 

3. Seal container and place in 2-mil thick (or thicker) polyethylene bag, one sample per bag. 
Position sample identification tag so that it can be read through bag. Seal bag. 

4. Place sealed bag inside metal can and cushion it with enough noncombustible, absorbent 
material (for example, vermiculite or diatomaceous earth) between the bottom and sides 
of the can and bag to prevent breakage and absorb leakage. Pack one bag per can. Use . 
clips, tape, or other positive means to hold can lid securely, tightly and permanently. Mark 
can as indicated in Paragraph 1 of Section 5.4.2, below. 

5. Place one or more metal cans (or single l-gallon bottle) into a strong outside container, 
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans with 
noncombustible, absorbent cushioning materials for stability during transport. Mark 
container as indicated in Paragraph 2 of Section 54.2. 

5.4.2 MarkinolLabelinq 

1. Use abbreviations only where specified. Place the following information, either hand- 
pnnted or in label form, on the metal can (or l-gallon bottle): 

l . Laboratory name and address. 

l “Flammable Liquid, n.o.8. UNl993’ or “FlammableSolid, n.o.s. UNl325.’ 

Not otherwise specified (n.0.s) is not used if the flammable liquid (or solid) is identified. Then the 
name of the specific material is listed before the category (for example, Acetone, Flammable Liquid), 
followed by its appropriate UN number found in the DOT Hazardous Materials table (49 CFR 172.101). 

2. Place all infomation on outside shipping container as on can (or bottle), specifically: 

l Proper shipping name. 
l UN or NA number. 
l Proper label(s). 
l Addressee and sender. 

Place the following lakls on the outside shipping container: “Cargo Aircraft Only” and 
‘Flammable Liquid’ (or “Flammable Solid”). “Dangerous When Wet” label shall be used if 
the solid has not been exposed to a wet environment. “Laboratory Samptes’ and -THIS 
SIDE UP” or “THIS END UP” shall also be marked on the top of the outside container, and 
upward-pointing arrows shall be placed on all four sides of the container. 

0334901 



SUDJtCr 

SAMPLE PACKAGING AND SHIPPING 

Numetr 

SA-6.2 

Rtwon 
2 

Prgt 
7of 12 

Effta~vt Ott, 
os/o4!90 

5.4.3 Shipoina Papers 

1. Use abbreviations only where specified. Complete the carrier-provided bill of lading and 
sign certification statement (if carrier does not provide, use standard industry form, see 
Attachment 0). Provide the following information in the order listed (one form may be 
used for more than one exterior container). 

l “Flammable Liquid, n.o.s. UN1993’ or “Flammable Solid, n.o.s. UN1325.’ 

0 “Limited Quantity” (or “Ltd. Qty.‘). 

l “Cargo Aircraft Only.” 

l Net weight (wt) or net volume (vol), just before or just after “Flammable Liquid, n.o.s.’ 
or “Flammable Solid, n.o.s.,” by item, if more than one metal can is inside an exterior 
container. 

0 “Laboratory Samples” (if applicable). 

2. Include Chain-of-Custody Record, properly executed in outside container. 

3. “Limited Quantity” of “Flammable Liquid, n.o.s.’ is limited to one pint per inner container. 
For “Flammable Solid, n.o.s.,. net weight of inner container plus sample shall not exceed 
one pound; total package weight shall not exceed 25 pounds. 

5.4.4 Tranroortation 

1. Transport unknown hazardous substance samples classified as flammable liquids by rented 
or common carrier truck, railroad, or express overnight package services. Do not transpon 
by any passenger-carrying air transpon system, even if they have cargo-only aircraft. DOT 
regulations permit regular airline cargo-only aircraft, but difficulties with most suggest . 
avoiding them. Instead, ship by airiine carriers that only carry cargo. 

2. For transport by government-owned vehicle, including aircraft, DOT regulations do not 
apply. However, procedures described above, with the exception of execution of the bill of 
lading with certification, shall still be used. 

6.0 REFERENCES 

U.S. Department of Transportation, 19R3. Hazardous Materials Regulations, 49 CRF 171-l 77. 

NUS Standard Operating Procedure SA-6.1 -Sample Identification and Chain-of-Custody 

NUS Standard Operating Procedure SA-1.2 - Sample Preservation 

NUS Standard Operating Procedure SF-l.5 - Compatibility Testing 

-. - -.-. 
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7.0 AlTACHMENTS 

Attachment A - DOT Hazardous Material Classification (49 CFR 173.2) 
Attachment B - DOT List of Class ‘A” Poisons (49 CFR 172.101) 
Attachment C - Hazardous Materials Shipping Checklist 
Attachment D - Standard Industry Certification Form 
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1. 

2. 

3. 

4. 

5. 

6 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

1s. 

16. 

ATTACHMENT A 

DOT HAZARDOUS MATERIAL CLASSIFICATION (49 CFR 173.2) 

Radioactive material (except a limited quantity) 

Poison A 

Flammable gas 

Nonflammable gas 

Flammable liquid 

Oxidizer 

Flammable Solid 

Corrosive material (liquid) 

Poison B 

Corrosive material (solid) 

Irritating material 

Combustible liquid (in containers having capacitiesexceeding 110 gallons [416 liters]) 

ORM-B 

ORM-A 

Combustible liquid (in containers having capacities of 110 gallons [416 liters] or less) 

ORM-E 

1 

c 
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AlTACHMENT 8 

DOT LIST OF CUSS “A” POISON (49 CFR 172.101) 

Material 

Arsi ne 

Bromoacetone 

Chloropicrin and methyl chloride mixture 

Chloroplcrin and nonflammable,nonliqueficd 
compressed gas mixture 

Physical State at 
Standard 

Temperature 
1 

Gas 

Liquid 

Gas 

Gas 

Cyanogen chloride 1Cas(>13.1°Q 

Cyanogen gas I Gas 

Gas identification set 1 Gas I 

Gelatin dynamite (H. E. Germaine) I- I 

Grenade (with Poison “A’ gas charge) I- I 
Hexaethyt tetraphosphatekompressed gas mixture I Gas I 
Hydrocyanic (prussic) acid solutton Liquid 

1 
Hydrocyanic acid, liquefied Gas 

Insecticide (liquefied) gas contalntng Poison ‘A” or Gas 
Poison ‘8’ material 

Mtthyldichloroanine Liquid 

Nitric oxide Gas 

Nitrogen peroxide Gas 

Nitrogen tetroxide Gas 

Nitrogen dioxide, liquid Gas 

Parathion/compressed gas mixture Gas 

Phosgene (diphosgene) Liquid 
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AlTACHMENT C 

HAZARDOUS MATERIALS SHIPPING CHECKLlSf 

I PACKAGING 

1. 
2. 
3. 
4. 

Check DOT 172.500 table for appropriate type of package for hazardous substance. 
Check for container integrity, especially the closure. 
Check for sufficient absorbent material in package. 
Check for sample tags and log sheets for each sample, and chain-of-custody record. 

SHIPPING PAPERS 

1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 

Check that entries contain only approved DOT abbreviations. 
‘Check that entries are in English. 
Check that hazardous material entries are specially marked to differentiate them from any 
nonhazardous materials being sent using same shipping paper. 
Be careful all hazardous classes are shown formulticlass materials. 
Check total amounts by weight, quantity, or other measures used. 
Check that any limited-quantity exemptions are so designated on the shipping paper. 
Offer driver proper placards for transponing vehicle. 
Check that certification is signed by shipper. 
Make certain driver signs for shipment. 

RCRA MANIFEST 

1. 

2. 
Check that approved state/federal manifests are prepared. 
Check that transporter has the following: valid EPA identification number, valid driver’s 
license, valid vehicle registration, insurance protection, and proper DOT labels for materials 
being shipped. 

3. Check that destination address is correct. 
4. Check that driver knows where shipment is going. 
5. Check that the driver is aware of emergency procedures for spills and accidents. 
6. Make certain driver signs for shipment 
7. Make cenain one copy of executed manifest and shipping document is retained by shipper. 
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AlTACHMENT 0 

STANDARD INDUSTRY CERTlFlCATlON FORM 

I . . 
8. ii ,. 
.* 
:: :: :: 

*. :: ., 

:: :: f :: 
: . 
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1.0 PURPOSE 

This procedure describes the process for keeping a site logbook. 

2.0 SCOPE 

The site logbook is a controlled document which records all major on-site activities during a Remedial 
Investigation/feasibility Study. At a minimum, the following activities/events shall be recorded in the 
site logbook: 

l Arrival/departure of site visitors 
0 Arrival/departure of equipment 
l Sample pickup (chain-of-custody form numbers, carrier, time) 
l Sampling activities/sample logsheet numbers 
l Stan or completion of boreholeltrencNmonitoring well installation or sampling activities 
0 Health and Safety issues 

The site logbook is initiated at the start of the first on-site activity (e.g., initial reconnaissance survey). * 
Entries are made for every day that on-site activities take place which involve Rl/FS contractor 
personnel. One current site logbook is maintained per site. 

The site logbook becomes part of the permanent site file maintained in the RI contractor’s office. 
Because information contained in the site logbook may be admitted as evidence in cost recovery or 
other legal proceedings, it is critical that this document be properly maintained. 

3.0 GLOSSARY 

Site Loabook - The logbook is a bound notebook with consecutively numbered pages that cannot be 
removed. Upon entry of data, the logbook requires signature by the responsible site leader (see 
Section 5.1). 

4.0 RESPDNSlRlUllE5 

The site logbook is issued by the Regional Manager (or his designee) to the Site Manager for the 
duration of the project The Site Manager releases the site logbook to the Field Operations Leader or 
other person responsible for the direction of on-site activities (e.g., Reconnaissance Survey Team 
Leader, Sampling Team Leader). lt is the responsibility of this person (or his designee) to keep the site 
logbook current while in his possession, and return it to the Site Manager or turn it over to another 
field team. Following the completion of all fieldwork, the site logbook is returned to the Site 
Manager for inclusion in the permanent site files. 

5.0 PROCEDURES 

5.1 GENERAL 

The cover of each site logbook contains the following information: 

0 Project Name 
0 NUS Project Number 
l RVFS Contractor and Site Manager’s Name 
l Sequential Book Number 
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l Start Date 
l End Date 

Daily entries into the logbook may contain a variety of information. At the beginning of each day the 
following information must be recorded: 

l Date 
0 Start time 
l Weather 
l All field personnel present 
a Any visitors present 

During the day, a summary of all site activities and level of personal protection shall be recorded in 
the logbook. The information need not duplicate that recorded in Other field notebook (e.g., 
sample logbook, Site Geologist’s notebook, Health and Safety Officer’s notebook, etc.), but shall 
summarize the contents of these other notebooks and refer to the page locations in these notebooks 
for detailed information. An example of a site logbook page is shown in Attachment A. 

The sample logsheet for each sample collected (see ProcedureSA-6.6) must be referenced. If . 
measurements are made at any location, the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the notebook and page number(s) on 
which they are recorded (see Attachment A). 

All entries shall be made in black pen. No erasures are permitted. If an incorrect entry is made, the 
data shall be crossed out with a single strike mark, and initialed and dated. At the completion of 
entries by any individual, the logbook must be signed. It must also be signed by the Field Operations 
Leader or responsible site leader at the end of each day. 

5.2 PHOTOGRAPHS 

When movies, slides, or photographs are taken of a site or any monitoring location, they are 
numbered to correspond to logbook entries. The name of the photographer, date, time, site 
location, site description, and weather conditions are entered in the logbook as the photographs are 
taken. A senes entry may be used for rapid-sequence photographs. The photographer is not 
required to record the a@erture settings and shutter speeds for photographs taken within the normal 
automatic exposure range. However, special lenses, films, filters, and other image-enhancement 
techniques must be noted in the logbook. If possible, such techniques shall be avoided, since they can 
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend 
upon the subject matter, type of film, and the processing it requires. Film used for aerial 
photography, confidential information, or criminal investigation require chain-of-custody 
procedures. Adequate logbook notation and receipts may be used to account for routine film 
Processing. Once processed, the slides of photographic prints shall be serially numbered and labeled 
according to the logbook descriptions. 

6.0 REFERENCES 

None. 

7.0 ATTACHMENTS 

Attachment A -Typical Site Logbook Entry 
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AITACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

START TIME: DATE: 

SITE LEADER: 
PERSONNEL: 

NUS . DRILLER EPA 

WEATHER: Clear, 68’F, 2-5 mph wind from SE 

ACTIV!TIES: 
1. Steam jenney and fire hoses were set up. 

2. Drilling activities at well resumes. Rig geologist was 
See Geologist’s Notebook,l, page 2$30, for details of drilling activity. Sampi; * 
No. 123-21-54 collected: see sample logbook, page42. Drilling activities completed at 11:50 
and a 4 inch stainless steel well installed. See Geologist’s Notebook, No. 1, page 31, and well 
construction details for well 

3. Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well 

4. Well drilled. Rig geologist was . see 
Ceologlst’s Notebook, No. 2, page for details of drillmg activttles. Sample 
numbers 123-22-51, 123-22-52, and 123-22-53 collected; see sample logbook, pages43, 44, 
and 45. 

5. Well was developed. Seven 55-gallon drums were filled in the flushing stage. The 
well was then pumped using the pitcher pump for 1 hour. At the end of the hour, water 
pumped from well was “sand free.’ 

6. 

7. 

EPA remedial project manger arrives on-site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up over 
test pit 

8. 

9. 

Test pit dug with cuttmgs placed in dump truck. Rig geologist was 
See Geologist’s Notebook, No. 1, page 32, for details of test 

prt actlvlties. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit 
mound was developed and the area roped off. - 

resulted in a very soft and wet area. A 

Express carrier picked up samples (see Sample Logbook, pages42 through 45) at 17:50 hours. 
Site activities terminated at 18:22 hours. All personnel offsite, gate locked. 

Field Operations Leader 
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1.0 PURPOSE 

This procedure contains examples of forms in current use for RI activities, and a brief explanation of 
the function of these forms. The intent of this procedure is simply to compile and introduce these 
forms, and not to provide detailed explanations of the Forms. 

2.0 SCOPE 

Attachment A lists the forms illustrated in this procedure. Forms identified as controlled documents 
are issued by EPA, are sequentially numbered, and may not be altered. Those which are not listed as 
controlled documents and not required documents issued by EPA may be altered or revised for 
project-specific needs, with notification of. 

3.0 GLOSSARY 

Controlled Document - A consecutively-numbered form released by EPA for use on a particular work 
assignment. All unused forms must be returned or accounted for at the conclusion of the assignment. 

4.0 RESPONSlBlLlTlES 

Field Operations Leader - The Field Operations Leader is responsible for ensuring that the appropriate 
forms illustrated in this guideline are correctly used and accurately filled out. In general, the 
sampling technician or Field Operations Leader will fill out forms related to sample labeling, 
shipment and analysis (see Section5.1); the site geologistigeohydrologist will fill out borings logs, 
groundwater level and geohydrological test forms (see Section 5.2); and the Field Operations Leader, 
site Health and Safety Officer, or field technicians, will fill out equipment calibration and 
maintenance records (see Section 5.3). 

5.0 PROCEDURES 

5.1 SAMPLE COLLECTION, LABELING, SHIPMENT AND REQUEST FOR ANALYSIS 

5.1.1 Sample Label 

The sample label is a 2-by 4-inch white label with black lettering and an adhesive backing. 
Attachment B-1 is an example of a sample label. These labels are required on every sample but are 
not controlled documents. Guidelines for filling out sample labels are contained in SA-6.1. 

5.1.2 Sample Identification Taq 

The Sample Identification Tag (Attachment 8-2) must be used with samples collected for Contract 
Laboratory Program (CLP) analysis. The tag is a white, heavy paper label that is attached to the neck 
of the sample bottle with a string or wire. The Sample Identification Tag is a controlled document, 
and is available from the Regional Sample Control Center (RSCC). Procedure SA-6.1 provides the steps 
in filling out Sample Identification Tags. 

5.1.3 Chain-of-Custody Record Form 

The Chain-of-Custody Record Form accompanies a sample (or group of samples) as it is transferred 
from person to person. This form must be used for any samples collected for chemical or geotechnical 
analysis, whether on-site or off-site. It is a controlled document. Each EPA Region in Zone 1 uses a 
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slightly different Chain-of-Custody form. Attachment 8-3 illustrates a Chain-of-Custody Record form 
used by Region III. Chain-of-custody record forms for Regionsl, II, and IV are illustrated in SA-6.1 as 
well as procedures for filling out forms. 

5.1.4 Chain-of-Custody Seal 

Attachment B-4 is an example of a custody seal. The Custody seal is a l-by 3-inch adhesive-backed 
label. It is part of a chain-of-custody process and is used to prevent tampering with samples after they 
have been collected in the field. It is used whenever samples are shipped with an accompanying 
Chain-of-Custody Record form. The chain-of-custody seal is available from the RSCC. 
Procedure SA-6.1 describes the procedures for using chain-of-custody seals. 

5.1.5 Bottle Deliverv Order (DO) Form 

If CLP analyses are requested, a Delivery Order (DO) form (Attachment B-5) is completed by the 
Authorized Requestor and submitted to the CLP Sample Bottle Repository (see ProcedureSA-6.6). 
This form is required but not a controlled document. 

5.1.6 ReDositorv Packine List (PL) Form 

The Repository Packing List form (Attachment B-6) is used for CLP analyses. This form is completed by 
the Sample Bottle Repository when the requested sample bottles are shipped. A copy of the PL is 
received with the sample bottle shipment and is retained by the Authorized Requestor. 

5.1.8 Sample Loq Sheet 

A Sample Log Sheet is a notebook (3-ring binder) page that is used to record specified types of data 
while sampling. Attachments B-7 to B-10 are examples of Sample Log Sheets. The data recorded on 
these sheets are useful in describing the waste source and sample as well as pointing out any 
problems encountered during sampling. Guidelines for filling out the Sample Log Sheet are 
contained in SA-6.6. These forms are not controlled documents. 

5.1.9 Traffic Reports (for CLP Laboratory Analvses) 

A Traffic Report (TR) is a preprinted form that is provided by the EPA Sample Management Office to 
each Region through the Regional Sample Control Center (RSCC). These forms are obtained from the 
RSCC as needed for specific work assignments. These forms are part of the EPA sample-tracking 
system and are used to trace the shipment of samples for CLP laboratory analysis. Presently, these 
forms are for two types of samples: organics (OTR) and inorganics (ITR) (see AttachmentsB-11 
and B-12, respectively). The organics and inorganics forms are used to document and identify the 
collection of low- and medium-concentrations samples for organic and inorganic analysis. Up to 
20 samples can be recorded on each traffic report. Guidelines for filling out traffic report forms are 
contained in SA-6.6 

5.1 .lO Traffic Reoort Label 

The Traffic Report Label is a small prenumbered white label with black lettering and an adhesive 
backing. Attachment B-13 provides examples of several traffic report labels. The number which 
appears on a traffic report label is uniquely numbered and used to track samples for CLP analysis. In 
addition to the number, each label contains a designation as to the type of analysis to be performed 
(VOA, etc.) or as to preservation of the sample (preserved unpreserved, etc.). Use of these labels is 
described in Procedure SA-6.6. 
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5.1.11 Special Analvtical Services (SAS) Packina List 

In addition to routine analytical services (RAS), some special analytical services (SAS) are available 
through the CLP. These may include quick turnaround or verification analyses, non-priority pollutant 
analyses, analyses requiring lower detection limits than RAS methods provide, or other specific 
analyses (e.g., EP toxicity testing). For all “all SAS” type of request (in contrast to “RAS plus SAS,” see 
ProcedureSA-6.6), the SAS Packing List (Attachment B-14) is used rather than a traffic report. SAS 
Packing Lists are provided by the SMO to each region through the RSCC, which provides forms as 
required. Use of the SAS form is further described in Procedure SA-6.6 

5.1 .12 Dioxin Shipment Record (DSR) 

The Dioxin Shipment Record (DSR) provides a record for one shipment batch (up to 24samples) of 
dioxin samples to a CLP laboratory. Samples are individually numbered using the pre-printed labels 
provided with the DSR (see Attachment B-1 5). DSRs are provided by the SMO to each region through 
the RSCC. DSRs must be used to track shipment of dioxin samples submitted for CLP analysis. See 
Procedure SA-6.6 for detailed description of the use of DSRs. 

5.1.13 Samole ShiprJino Loq 

The sample shipping log, shown in Attachment 8-16 is required by Region III EPA and is to be 
completed whenever samples are shipped to a CLP Laboratory. The sample shipping log is then 
submitted to the RSCC the week following sample collection. 

5.2 GEOHYDROLOGICAL AND GEOTECHNKAL FORMS 

5.2.1 Groundwater Level Measurement Sheet 

A groundwater level measurement sheet, shown in Attachment C-l should be filled out for each 
round of water level measurements at a site. These sheets are not controlled documents. 

5.2.2 Data Sheet for Pumoina Test (Pumpina Well] 

During the performance of a pumping test, a large amount of data must be recorded, often within a 
short time period. The pumping test data sheet (Attachment C-2) facilitates this task by standardizing 
the data collection format, and allowing the time interval for collection to be laid out in advance. 
This form is not a controlled document. 

5.2.3 Data Sheet for PumDina Test (Observation Well) or In-Situ Hvdraulic Conductivity Test 

This data sheet (Attachment C-3) is similar to that described in Section 5.2.2. However, somewhat 
different data must be recorded for pumping test observation wells and in-situ hydraulic conductivity 
tests, as shown on this sheet. This form is not a controlled document. 

5.2.4 Packer Test Reportina Forms 

A packer test reporting form shown in Attachment C-4 is used for collecting data when conducting 
packer tests during monitoring well drilling. These sheets are not controlled documents. 
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5.2.5 Summarv Loa of Borinq 

During the progress of each boring, a log of the materials encountered, operation and driving of 
casing, and location of samples must be kept. The Summary Log of Boring (Attachment C-5) is used 
for this purpose. In addition, if volatile organics are monitored on cores, samples or cuttings from the 
borehole (using HNU or OVA detectors), the results are entered on the boring log at the appropriate 
depth. The boring log also provides space for entry of the laboratory sample number and the 
concentration of a few key analytical results. This feature allows direct comparison of contaminant 
concentrations with soil characteristics. 

The Summary Log of Boring is not a controlled document. 

5.2.6 Monitorina Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well installed. 
This form contains specific information on length and type of well riser pipe and screen, backfill, filter 
sand and grout characteristics, and surface seal characteristics. This information is important in 
evaluating the performance of the monitoring well, particularly in areas where water levels show 
temporal variation, or where there are multiple (immiscible) phases of contaminants. Depending on 
the type of monitoring well (in overburden or bedrock), different forms are used (see 
Attachments C-6 through C-10). The Monitoring Well Construction Details Form is not a controlled 
document. Guidelines on completing this form are contained in GH-1.7. 

5.2.7 Test Pit Loq 

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log must be 
filled out by the responsible field geologist or sampling technician. Test Pit Logs (Attachment C-l 1) 
are not controlled documents. 

5.3 EQUIPMENT CALIBRATION AND MAINTENANCE FORMS 

5.3.1 Equipment Calibration Loq 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure 
the proper operation and response of the equipment, to document the accuracy, precision or 
sensitivity of the measurement, and determine if correction should be applied to the readings. Some 
items of equipment require frequent calibration, other infrequent. Some are calibrated by the 
manufacturer, other by the user. 

Each instrument requiring calibration hasits own Equipment Calibration Log (Attachment D-l) which 
documents that the manufacturer’s instructions were followed for calibration of the equipment, 
including frequency and type of standard or calibration device. This form is not a controlled 
document. 

6.0 REFERENCES 

None. 
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5ubJect 

FORMS USED IN RI ACTIVITIES I 
Number 

I 
Page 

SA-6.4 6of 36 

Revwon 
2 I Effective Date 

05/04/90 

7.0 AlTACHMENTS 

Attachment A - Technical Forms in Current Use for Remedial Investigations 
Attachment B-l - Sample Label 
Attachment B-2 - Sample Identification Tag 
Attachment B-3 - Chain-of-Custody Record From, Region III 
Attachment B-4 - Chain-of-Custody Seal 
Attachment B-5 - CLP Sample Bottle Repository Order Form 
Attachment B-6 - Repository Packing List Form 
Attachment B-7 - Groundwater Sample Log Sheet Form 
Attachment B-8 - Soil Sample Log Sheet Form 
Attachment B-9 - Surface Water Sample Log Sheet Form 
Attachment B-10 - Container Sample Log Sheet Form 
Attachment B-l 1 - Organics Traffic Report Form 
Attachment B-12 - lnorganics Traffic Report Form 
Attachment B-13 - Traffic Report Labels 
Attachment B-14 - Special Analytical Services (SAS) Packing List 
Attachment B-l 5 - Dioxin Shipment Record Form 
Attachment B-16 - Sample Shipping Log 
Attachment C- 1 - Groundwater Level Measurement Sheet 
Attachment C-2 - Pumping Test Data Sheet 
Attachment C-3 - Hydraulic Conductivity Testing Data Sheet 
Attachment C-4 - Packer Testing Report Form 
Attachment C-S - Summary Log of Boring 
Attachment C-6 - Overburden Monitoring Well Construction Sheet 
Attachment C-7 - Confining Layer Monitoring Well Construction Sheet 
Attachment C-B - Bedrock (Open Hole) Monitoring Well Construction Sheet 
Attachment C-9 - Bedrock (Well Installed) Monitoring Well Construction Sheet 
Attachment C-10 - Bedrock (Well Installed) Monitoring Well Construction Sheet 
Attachment C-l 1 - Test Pit Log Form 
Attachment D-l - Equipment Calibration Log 

0334901 



Subject 

7of36 
FORMS USED IN RI ACTIVITIES I Rewon 

I 

Effective Date 
2 05/04/90 

I 

AlTACHMENT A 
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AITACHMENT B-1 

SAMPLE LABEL 

1 q w PROZCT: 

mnor4 mxnat4: 
DATE:-//- nte bra. 

MEDIA: WATER 0 SOIL 0 SEDIMENT On 

CONCENTRATION: LOW 0 MED 0 HIGH 0 1 

~~% 

METALS: TOTAL 0 OISSOLMD[7 NAOH to pH>12 [7 ~ 

I 
I 9 

Sampled by: 

I 
I 

Cars No.: Trafflt Report No.: 

1 Remarks: 
I 
I 
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SAMPLE IDENTlFlCATlON TAG 

% 

Promnatlvr: 
Yea q No 

s- ANALYSES 
0 

BOO Antons I 1 
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AllACHMENT B-5 
CLP SAMPLE BOTTLE REPOSITORV 
SUPERFUND DELIVERY REQUEST 

REQUEST NO. 

Date of Request: 

From (Name): 
Affiliation: 
Telephone: 
AR Signature: 

Type of Request: 
Routine 1 1 
Fast Turnaround [ I 
Emergency I 1 

(Date/Time request called in) 

TO: I-Chem Research Corporation 
23787-F Eichler Street 
Hayward, CA 94545 
Phone: 41 S/782/3095 

Ship the following items for arrival by: (Date) 
(If applicable) Ship to arrive no earlier than: (Date) 

Item 

k A 

I3 

No. of Items 

I 

No. of Cases 
Per Case Requested I 

Description 

80-02. amber glass bottle 161 I 

40-ml qlass vial I 72 I I 
polyethylene bottle 1 -liter 

120-ml wide-mouth glass vial I 12 1~ I 
l-02. wide-mouth glass jar -7 ‘2 I I 

8-02. wide-mouth glass jar I 12 I I 
4-02. wide-mouth qlass iar I 12 I I 
l-liter amber glass bottle 12 I I 

J 

kE K 

L 

32-02. wide-mouth.glass iar 

Cliter amber glass bottle I 4 I I 
SOO-ml polyethylene bottle - I 24 I I 

Ship To: 
1Pravide 

street address) 
Attention: 
Call before delivery: 
(Phone No.): 

DISTRIBUTION: White-Repository Yellow-Requestor Pink-SMO 

’ I 
0334901 
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ATTACHMENT B-6 

CL? SAMTLS RO’TTLS RSPCSITDRY 
SUIKRFUND ?ACKING LEST 

REPCSITORY 

I-Chem Research Corpontion 
23787-F Eicblar Street 
Hayward. CA 94545 
Phone: 415/782-3905 

DELtVERY REQUEST’ NO. 

Request date: 

Type of Request R 0 mA0 Eo 

Required Delivery ate: 

DESlINATlON (from Delivery ReWat) 
Name: 
Addreu: 

Telephone No: 

The nmteri¶ls listed below h8v8 been 
shipped es requested. 

ml8 shw 
Mode of shipment 
Shipment ID No: 
SigIUtWC 

Type of Shipment _ Complete _ Partial _ P8rtial/Compktes Request 

No. of 
Item CuCr Lot QC Clearance 
No. Description Shipped Number(s) Number(s) 

A IO-02 PI= p 
B 40-mL FBI= ,- 
C I-L PolY -, 

-. D 120~OlL 6iott 
E 16-02 6kSS 
F 8-02 6lw - 
G I-02 6k= - 
H I-L 3= - 
J 32-0~ 6l= - 
K 4-L 6’=’ - 
L 500-mL poly 

4UTHORIZED REQUESTOR USE ONLY- 

Sj@ blow a forwad the ydow copy to th8 s8mpk ~gemsot office (SMO) within 7 d8p of 
shipment receipt. Keep tbe pink copy for your file. 

The above request was received by the derignec. itiwted, d Wrepw- 

Date of Receipt Requestor Siinatun: 

Send yellow copy to: USEPA Mpk Mlnrgemcnt Offii 
P.O. Box 818 
Akxendris. VA 22313 

DISTRIBUTION: Whitc4hipmti Designee Yeflow-Rtqwslor (/or return 10 SMO) 

Blue-Shipping C~JU~OC~O~ Pink-Requcs~or 

GrMlSUO Gold-Rrposilory 

0334901 
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AllACHMENT B-7 

SAMPLE LOG SHEET 

Bk!!dg a M toringWellOata om 

Q A Halllbunon Cmpany a Domesttc Well Data 
0 Other 

Page-ofp 
Case # 

BY 

Project Site 

NUS Source 

Name Project We Number 

NO. Source Location 
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AITACHMENT B-B 

SAMPLE LOG SHEET 

Surface Soil 
Subsurface Soil 

c]: Sediment 
g gtzqn I Pond 

Page of -- 

Case AC 

BY 

Project Site Name 
NUS Source.No. 

Sample Method: 

Depth Sampled: 

Project Site Number 

Source Location 

Composite Sample Data 

Sample Time I Color / Dercriptlon 

, I 

Sample Oate &Time: 

Sampled By: 

Siqnaturets): 

Type of Sample 
0 low Concentration 
8 I$~ Concentration 

0 Composite 
0 Grab -Composite 

Analysw 

I 
Sample Data 

Color oescripoan: (Sand, clay, Dry, Morn. wet. NC.) 

Observatlonsl Notes 

L 

I I 

I I 
OIW Shipped I 

limo Shippod 

Lab 

Volumr 
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AlTACHMENT B-9 

Project Site Name 

NUS Source No. 

SAMPLE LOG SHEET 
Page of v- 

[7 Spring 
CJ Lake Case ic 

3 %r BY 

Project Site Number 

Source Location 

Oatr Shitwed 

fimo ShIppod 

Lab 

i 
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ATTACHMENT B-10 

0 A Halliburton Company 

Project Site Name 
NUS Source No. 

SAMPLE LOG SHEET Page of - 

Container Data Case Cc 

BY 

Project Site Number 

Source Location 

Container Source 

a Drum 

0 Sung Top 
IJ Lever Lock 
3 EW;” Ring 

iJ ;,a,9klSack 

Cl Other 

Disposition of Sample Sample Oercriptlon 

a Container Sampled 
0 Contamer opened but not 

sampled. Reason 

Contarner not opened. 
Reason 

Vlonltor Reading: 

Sample Method: 

Sample Date & Time: 

Sampled 8y: 

Container Description 

I 

Subiect 

FORMS USED IN RI ACTIVITIES 

Number Page 
SA-6.4 17of36 

Revwon Effectwe Date 
2 05/04/90 

Signature( _ 

Analvsis: 

Color 

Condition 

Markings 

Vol. of Contents 

Layer 1 Layer 2 Layer 3 

(JSol.ULiq. c]Sol.ClLiq. CiSOl.ULiq. 
Color 
iliscoslty aL[7M m UL~MLiH CLEM a 
‘56 of Total 

dolume 

Other 

Type of Sample 

0 Low Concentration 
0 High Concentration 

c] Grab 
0 Composite 
3 Grab -Composite 

rrrffic RIPOR lr 
rag c 

Orgmc ~norqmlc 

PB # 

Datr Shiopd 

Time Shlppd 

Lab 
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Subject 

FORMS USED IN RI ACTIVITIES 

Number 

Revwon 

SA-6.4 

2 

Page 

180f 36 

Effectwe Date 
05/04/90 

AlTACHMENT B-l 1 

lYPE OF Acnvlw (CIRCLE D?JE) aj SHIP la 

SUPERFUND-PA St ESI RIFS RD RA Ei 
NPLD O&M OTHER- I 

!3lE NAME: 
N-UPERFUND- .,:~, CITY. STATE: 

REQION NO: SAMPLINQ COMPANY a aEQ’N’ 
END: 

BAWLER: (NAME) 
DATE SHlF?ED.- CARRIER: A 

CLP 
SAMPLE 
NUMBER 

fFRoM UBELS) 

EPA Form 2675-7 (6-C) 

ii--- 

AIRBILL No: 

10 10 

rus 
I 

SPECIAL 

I 

SlAToN 
ANALYSIS HANDUNG LOCATKIN 

SAMPLE DE!3CRlPTMN 
(ENTER IN BOX Al 4. SOIL 

B 

1. SURFACE WATER 5. SEDIMENT 
2. QRWND WATER 6. OIL (SAS) 
3. LEACNATE 7 WASTE GAS1 

TRIPLE VOLUME REQUIRED FOR MATRIX 
BPWYWPLtCATE AOUEOUS SAMPLE 

SHIP MEDIUM AND HIQH CONCENTRATION 
SAMPLES IN PAINT CANS 

SEE REVERSE FOR ADDllIONAL 
INSTRUCTIONS 

.., --: 

. . 
,. .-r ,.- . . 

, .L. 

I 

WHITE -BMocoPY PINK - CLIENT COW WHITE - LAB COPY FOR RETURN TO SMO YELLOW - IAB COPY 

D334901 
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ATTACHMENT B-12 

TYPE OF ACTIVITY (CIRCLE ONE) @ SHIP TO: 

SUPERFUNI~-PA 9 Es1 RIFS Ro RA ER 
NPW O&M OTHER - 

NON-SUPERFUNO- PROGRAM 

0 SAMPLE DESCRIPTION 0 
(ENTER IN 80X A) 4. SOIL 
1. SURFACE WATER 5. SEMMENT 
2. GROUND WATER 6. OIL (SASI 
3. LEACHATE 7 WASTE iSA. 

SITE NAME: 

CITY, STATE. 

OOUBLE VOLUME REOUIRED FOR MATRIX 
AlTN. SP1KEIWPLiCATE AOUEOUS SAMPLE 

SITE SPILL IO: p 
SAMPLING DATE. 9 

SHIP MEDIUM AN0 HIGH CONCENTRATION 
SAMLES IN PAINT CANS 

REGION NO: SAMPLING ~OMPANV @ I BEG’N’ 
END. 

DATE SHIPPED.- CARRIER, __ d SEE REVERSE FOR ADDITIONAL 

SAMPLER- (NAME) INSTRUCTIONS 

‘I”-I” 
__ AIRBILL NO. I 

c 10 I 

RM 
ANALYSIS HANOLING 

I I 
EPA Form x75-6 (6-67) 

WHITE - SMO COPY PINK - CLIENT COPY WHITE - LAB COPY FOR RETURN TO SMO YELLOW - LA6 COPY 
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TRAFFIC REPORT LABELS 

MAB 342 

, 

: 6003 

l soil/sdiment 

AC 865 (VOA) 
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ATTACHMENT B-14 

us wvlRoNMtMAL PRoTzcnoN AGLNCT 
5’0’ say*Mmagcmmt OffIce 

- Altrandrir, VirBin& 22515 
F&es W/557-2490 - FTS/557-2WO 

SFBclAf ANALYncAL SERvlcR 

?ACKlNC LIST 

I =- : 

Sampling Off ices LmpUq brtdsh 

I I Sltc Name/Code: 

1. 

7. 

C. 

1L 

19. 

10. 

WtbUYOnly 

Date kmph he’d: 

A8ceived by: 

mitt - SMO Copy, Yellow - Rqion Copy, Pink - Lab Copy for return to SMO, Gold - Lab Copy 
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USePA COfWbCt CJOOfJl~ ~tOQfJRl 
SJmoo MJn4go-wl omcr I CABl NO: / mrcn MO: 1 
P 0 eo8 016 Ammer~o Vlrglnrl 2233 
RS (.W~2W to3 117*2rlo CLC OIOXIN SHIPMINT RaCOAO 

I 
’ $18 N6mO ’ srmo “0 oaca : SW to roa LA@ USC ONLV 

I 3bl6 S&vosr Ae a 

ctq 4 slur : Ch 4 S:aw 

i 
WA Sib Iyo Sbmgang Cosrw 

ouo *woa - hc8Wad 91 

I 
i 

j 

I -- 
b 

LuhJJ 
i 

L”mw t*bwJr to Our Sbmo 8a R6c a 
i s&wq Our 

I 

Wng~lUaJ 
I 

t* , 2 3 , ) * , * our ww)ung our swow bc*vw ev 
i 

WUO Yw worr - Jo*Obr - 
I 
I 

uhmx #unI@fm - hN%&s 

#AWL1 eoNolnon 
ou rtetor 

wfl f ?. V4kOW D.-Pa CC& Pm I e c,a a.* ad..*- * * as* 001* I IP em 
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ATTACHMENTC-1 

GROUNDWATER LEVEL MEASUREMENT SHEET 

LOCATION 

Project Name: Municipality: 

Project No.: County: 
Personnel : State: 
Date: Street or 

Map Location 
(If Off-Site) 

WEATHER CONDITIONS 

Temperature Range: Equipment No.: 
Precipitation: Equipment Name: 
Barometric Pressure: Latest Calibration Date: 

Tidally-Influenced: [ I Yes [ I No 

Well or Elevation of Water Level Adjusted 
Piezometer Date/T? me Reference Point Indicator Depth 

Groundwater 

Number (Feet)* Reading (Feet)* (Feet)* 
Elevation (Feet)* 

I 

t 

* All elevations to nearest 0.01 foot. 

D334901 
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AlTACHMENT C-2 
PUMPING TEST DATA SHEET 

ANCE FROM PUMPING WELL(ft.)(r): 
MONITORING POINT: 

WATER LEVEL 
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Al-t-ACHMENT C-3 

. . . . . ..__.._...._................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . GEOLOGIST: _..._...._.......,.......,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

._.................................. 
_.....,,,.._,,...,............................. 

DRAWDOWN 

0334901 



CASING OEPTH: 

PACKER TEST REPORT 
PROJECT NO.: 
CONTRACTOR: 
BY: 

TEST NO: 

CHECKED: 

PAGE -.._ 
STATIC WATER LEVEyF 
PACKER PRESSURE 

__ 

CP= lI/(I,1)~‘“lu11l70.3155~ 

7 48 Gallons 5 1 Fl3 
lpw = 23lllhcad 
Remarks. 

/ 
/ 

. HI I, used when the test length I, below Ihr w.a*r table 
H1 1% used when the lea length II above the water table 

-.- -_-- ..-- 
-_ ~-__-.-_ ---- 

-.-- 
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AllACHMENT C-5 

BORING LOG NUS CORPORATlON 

PROJECT: ._. .._.......____._._.............. ,...._ ,. ,. .._,..___ .: ,._._..._.... . BORING NO.: .._. _.,.,.. ..,,,,,,,,__,,,, ., ,,.,__. 

PROJECT NO.: . . . . . . . .._.._..._.................... DATE: _. ._ .,...__...._,. .._,....,_,. DRUER: . . . . . . . . . . . . .._..... 

ELEVATION: I.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FIELD GEOLOGIST: ,, ,_..,.,..,...._....,...,.........,..,...,.,. .__...,__., ., .., 
WATER LEVEL DATA : __._..._........,,.,......,.......,... ._...._..__.. .,. . ., . . . . .._ ,_. .,.,, ‘. 

(Date, Time & Conditions) ,___._....__.._..__.........,.. ___. .,._, .,.,,__.. .,,_._ . . . . . . . _._..__. ._ .,...._. .._ _,. ._,. ,..__ _......__.. 

un4mob” MATERIAL DESCRIPTION I 
S.YRI OWH uowsl UYILt CH**OC , OR 

10 
MO. iR.I 6- 01 R~COVfRV ~OWWLI SOIL ” I: 

LTWE 0” wo ‘%YPU 0” OW*,lV, 
COWSlWCV MATERIAL III 

IX1 w41w sc”F!meo co II 
on lull OIROCK COLOl CLAWFICATION ICI REMARKS 
“00 HO. UllenvAL Y*IoNI~I IS 

I 

I I I I I I I 

1 

REMARKS 
---._.- 
UURING 

PAGE.-OF-a 

033490 1 



. 

SOIL TERMS 

UNlFlEO SOIL CLASSIFICATION (USCS) 
crs.mc= CDIthlcn <A,, z “mIxaL Y,.CI...LY N-.-e 1 FINE GRAINED SOILS 

Fl LLD IO NTIHCATION PROCEDURES 
II t.&dn 

I,* 

Yom than hall 04 nrl~mlis SMALLfa thanNo 100 sieve sire 

GllOUP FIELD IOENlIFlCATION PROCEOUAES GROUP 
SYM- TYPICAL NAMES ,f.clulbnQ~n**$I.,pr. Iha”,- ‘ba,wqlwuan, SVM- TYPICAL NAMES 
BOL On*,tmrl.d.rri9hlll BOL 

t3N Iliac..* *-..I I ~..,r*CCI~“Yh--~IN”m. a...““#. 

DENSITY OF GRANULAR SOILS 

s,.YoAmc‘*ll”.no* 

--~- 
ROCK TERMS 

ROCK HARDNESS (FROM CORE SAMPLES) 1 I ROCK BROKENNESS I 
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AlTACHMENT C-6 

0 A Halltbufton Company 

30.?ta’,G ‘40 

OVERBURDEN 
MONITORING WELL SHEET 

PKUJtC I 
PROJECT NO. 
ELEVATION F,EL* ---. - -.-- 

GROUND 

ELEVATION 
i Ad 

a 

- ELEVATION OF TOP OF SURFACE CASING 

7 
ELEVATION OF TOP OF RISER PIPE: 

1 S’ICK . UP TOP OF SURFACE CASING: 
- STICK . l,P RISER PIPE : 

TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING. 

RISER PIPE 1.0. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

TYPE OF EACKFILL: 

ELEVATION / DEPTH TOP OF SEAL: 

TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

/ , 
* ELEVATION I DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: / 1 
SLOT SIZE I LENGTH: 1 

I.D OF SCREEN: / 
/ 

I 

-- TYPE OF SAND PACK: 

ELEVATION/ DEPTH BOTTOM OF SCREEN: 

ELEVATION I DEPTH BOTTOM OF SAND PACK: 
TYPE OF JACKFILL BELOW OBSERVATION 
WELL: 

f4 ELEVATlON I DEPTH OF HOLE: 

D33490 1 



ATTACHMENT C-7 

SORING NO.: 

CONFINING LAYER 
MONITORING WELL SHEET 

t m4, !’ - 

DRILLER 

EVATION 
ELD GEOLOGIST 

EiEVATlON OF TOP OF PERM CASING : 
ELEVATION OF TOP OF RlSER PIPE: 

II I, TYPE OF SURFACE SEAL: 

I.D. OF PERM. CASING. 
TYPE OF SURFACE CASING: 

RISER PIPE I.D. 

iROUND 

iLEVATlON 

Subject 

FORMS USED IN RI ACTIVITIES 

Number Page 

SA-6.4 31 of 36 

Revwon Effecuve Date 

2 0 s/04/90 

TYPE OF RISER PIPE: 

m I 

l&-l- EOREHOLE DIAMETER: 

PERM. CASING I.D 
TYPE OF CASING & BACI<FILL. 

ELEVATION I DEPTH TOP CONFINING LAYER: 
ELEVATION I DEPTH BOTTOM OF CASING: 
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ATTACHMENT C-8 

BORING NO : 

BEDROCK 

Q A Halliburton Company 
MONITORING WELL SHEET 

OPEN HOLE WELL 

DEVELOPMENT 

‘0 3 

Zs!IZ 
= 

ii 
= 

- ELEVATION OF TOP OF CASING: 

- STICK UP OF CASING ABOVE GROUND 

= 
Tl 

- TYPE OF SURFACE SEAL. 

l.D OF CASING: 
* TYPE OF CASING. / 

/ 

TEMP.IPERM : / 

- DEPTH TD TOP OF ROCK. 
\ 

- DEPTH TO BOTTOM CASING. 

\ 

- DIAMETER OF HOLE IN BEDROCK: \ 

DESCRIBE IF CORE / REAMED WITH BIT: 

DESCRIBE JOINTS IN BEDROCK AND DEPTH 

\ 

ELEVATION I DEPTH OF HOLE: 
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5.0 GUIDELINES 

5.1 MEASUREMENT OF pH 

5.1.1 General 

Measurement of pH is one of the most important and frequently Used tests in Water chemistry. 
practically every phase of water supply and wastewater treatment such as acid-base neutralization, 
water softening, and corrosion control, is pH dependent. Likewise, the pH of leachate can be 
correlated with other chemical analyses to determine the probable source of contamination. It is 
therefore important that reasonably accurate pH measurements be taken. 

Measurements of pH can also be used to check the quality and corrosivity of soil and solid waste 
samples. However, these samples must be immersed in water prior to analysis, and specific 
techniques are not described. 

Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator 
paper is used when only a rough estimate of the pH is required, and the pH meter when a more 
accurate measurement is needed. The response of a pH meter can be affected to a slight degree by 
high levels of colloidal or suspended solids, but the effect is usually small and generally of little 
significance. Consequently, specific methods to overcome this interference are not described. The 
response of pH paper is unaffected by solution interferences from color, turbidity, colloidal or 
suspended materials unless extremely high levels capable of coating or masking the paper are 
encountered. In such cases, use of a pH meter is recommended. 

5.1.2 Principles of Eauioment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity of 
the solution with the indicator compound on the paper. Depending on the indicator and the pH 
range of Interest, a variety of different colors can be used. Typical indicators are weak acids or bases, 
or both. Process chemistry and molecular transformations leading to the color change are variable 
and complex. 

Use of a pt-l meter relies on the same principle as other ion-specific electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to 
hydrogen ion concentration across that membrane. The membrane is conductive to ionic species and, 
in combinatialn with a standard or reference electrode, a potential difference propohod to 

hydrogen ion concentration can be generated and measured. 

I 5.1.3 - Eauigment 

The following equipment is needed for taking pH measurements: 

a Accumet 150 portable pH meter, or equivalent. 

l Combination electrode with polymer body to fit the above meter (alternately a pH 
electrode and a reference electrode can be used if the pH meter is equipped with suitable 
electrode inputs. 

l pH indicator paper, such as Hydrion or Alkacid, to cover the pH range 2 through 12. 

l Buffer solutions of pH 4,7 and 10, or other buffers which bracket the expected pH range. 

D334901 
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5.1.4 Measurement Techniques for Field Determination of oH 

1. pH Meter 

The following procedure is used for measuring pH with a pH meter (Standardization is 
according to manufacturers instructions): 

a. The instrument and batteries shall be checked and calibrated prior t0 initiation Of the field 
effon. ’ 

b. The accuracy of the buffer solutions used for field and laboratory calibration shall be. 
checked. Buffer solutions need to be changed often due to degradation upon exposure to 
the atmosphere. 

C. Immerse the tip of the electrodes in water overnight. If this is not possible due to field 
conditions, immerse the electrode tip in water for at least an hour before use. The 
electrode tip may be immersed in a rubber or plastic sack containing buffer solution for 
field transport or storage. This is not applicable for all electrodes as some must be stored 
dry. 

d. Make sure all electrolyte solutions within the electrode(s) are at their proper levels and that 
no au bubbles are present within the electrode(s). 

e. 

f. 

Immerse the electrode(s) in a pH-7 buffer solution. 

Adjust the temperature compensator to the proper temperature (on models with 
automatic temperature adjustment, immerse the temperature probe into the buffer 
soluuon). Alternately, the buffer solution may be immersed in the sample and allowed to 
reach temperature equilibrium before equipment calibration. It is best to maintain buffer 
solutron at or near expected sample temperature before calibration. 

9. 

h. 

Adjust the pH meter to read 7.0. 

Remove the electrode(s) from the buffer and rinse well with demineralized water. 
immerse the electrode(s) in pH-4 or 10 buffer solution (depending on the expected pH of 
the sample) and adjust the slope control to read the appropriate pH. For best results, the 
standardization and slope adjustments shall be repeated at least once. 

i. Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH 
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift, 
the sample temperature may not be stable, a chemical reaction (e.g., degassing) may be 
taking place in the sample, or the meter or electrode may be malfunctioning. Thus must be 
clearly noted in the logbook. 

i. Read and record the PH of the solution, after adjusting the temperature compensator to 
the sample temperature. pH shall be recorded to the nearest 0.1 pH unit. Aim record the 
sample temperature. 

k. Rinse the electrode(s) with deionized water. 

I. Keep the electrode(s) immersed in deionized water when not in use. 

0334901 
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The sample used for pH measurement shall never be saved for subsequent conductivity or 
chemical analysis. All pH electrodes leak small quantities of electrolytes (e.g., sodium or 
potassium chloride) into the solution. Precipitation of saturated electrolyte solution, especially 
at colder temperatures, or in cold water, may result in slow electrode response. Any visual 
observation of conditions which may interfere with pH measurement, such as oily materials, or 
turbidity, shall be noted. 

2. pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH 
paper is available in several ranges, including widtrange (indicating approximately pH 1 
to 12), mid-range (approximately pH 0 to 6, 6 to 9,8 to 14) and narrow-range (many available, 
with ranges as narrow as 1.5 pH units). The appropriate range of pH paper shall be selected. If 
the pH is unknown the investigation shall start with wide-range paper. 

5.2 MEASUREMENT OF SPECIFIC CONDUCTANCE 

5.2.1 Genelral -- 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be 
used as a measure of subsurface biodegradation or to indicate alternate sources of groundwater 
contamination. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. 
This value depends on the total concentration of the ionized substances dissolved in the water and 
the temperature at which the measurement is made. The mobility of each of the various dissolved 
ions, their valences, and their actual and relative concentrations affect conductivity. 

It is important to obtain a specific conductance measurement soon after taking a sample, since 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect 
zhe specific conductance. 

5.2.2 Principles of EauiDment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the 
positive ions rnigrate toward the negative electrode, while the negatively charged ions migrate 
toward the positive electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium 
carbonate, or sodium chloride, respectively) are relatively good conductors. Conversely, organic 

compounds such as sucrose or benzene, which do not disassociate in aqueous solution, conduct a 
current very poorly, if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be 
used for measurement of electrical resistance. The ratio of current applied to voltage across the cell 
may also be used as a measure of conductance. The core element of the apparatus is the conductivity 
cell containing the solution of interest. Depending on ionic strength of the aqueous solution to be 
tested, a potential difference is developed across the cell which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 

L 
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5.2.3 Eauipment 

The following equipment is needed for taking specific conductance measurements: 

l YSI Model 33 portable conductivity, meter, or equivalent 
0 Probe for above meter 

A variety of conductivity meters are available which may also be used to monitor salinity and 
temperatures. Probe types and cable lengths vary, so equipment may be obtained to meet the 
specific requirement of the sampling program. 

5.2.4 Measurement Tcchniaues for Specific Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturers instructions): 

a Check batteries and calibrate instrument before going into the field. 

l Calibrate the instrument’daily when used. Potassium chloride solutions with a specific 
conductance closest to the values expected in the field shall be used. Attachment A may be 
used for guidance. 

l Rinse the cell with one or more portions of the sample to be tested or with deionized 
water. 

0 Immerse the electrode in the sample and measure the conductivity. Adjust the 
temperature setting to the sample temperature. 

l Read and record the results in a field logbook or sample log sheet. 

If the specific conductance measurements become erratic, or inspection shows that any platinum 
black has flaked off the electrode, replatinization of the electrode is necessary. See the 
manufacturer’s instructions for details. 

Note that specific conductance is occasionally reported at temperatures other than ambient. 

5.3 MEASUREMENT OF TEMPERATURE 

5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of 
biological action in a water sample. It can also be used to trace the flow direction of contaminated 
groundwater. Temperature measurements shall be taken in-situ, or as quickly as possible in the field. 
Collected water samples may rapidly equilibrate with the temperature of their surroundings. 

5.3.2 Eauictment 

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type 
thermometers. In addition, various meters such as specific conductance OF dissolved oxygen meters, 
which have temperature measurement capabilities, may also be used. Using such instrumentation 
along with suitable probes and cables, in-situ measurements of temperature at great depths can be 
performed. 
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5.3.3 Measurement Techniaucs for Water Temwrature 

tf a thermometer is used on a collected water sample: 

l Imm(erse the thermometer in the -sample until temperature equilibrium is obtained 
(1-3 minutes). To avoid the possibility of contamination, the thermometer shall not be 
inserted into samples which will undergo subsequent chemical analysis. 

l Record values in a field logbook or sample log sheet. 

tf a temperatulre meter or probe is to be used, the instrument shall be calibrated according to 
manufacturer’s recommendations with an approved thermometer before each measurement or 
group of closely spaced measurements. 

5.4 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRATION 

5.4.1 General -- 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as 

the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all 
possible, DO measurements shall be taken in-situ, since concentration may show a large change in a 
short time if the sample is not adequately preserved. 

The method monitoring discussed herein is limited to the use of dissolved oxygen meters only. 
Chemical methods of analysis (i.e., Winkler methods) are available, but require more equipment and 
greater sample manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for 
highly polluted waters, because the probe! is completely submersible, and are free from interference 
caused by color, turbidity, colloidal material or suspended matter. 

5.4.2 Principles of EauiDment Operation 

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of 
different nobiliity immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a 
suitable potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at 
the cathode surface. An electrical current is developed that IS directly proportional to the rate of 
arrival of oxygeln molecules at the cathode. 

Since the current produced in the probe is directly proponional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to 
maintam fresh ‘solution near the membrane interface. Stirring, however, shall not be so vigorous that 
additional oxygen is introduced through the air-water interface at the sample surface. To avoid this 
possibility, some probes are equipped with stirrers to agitate the solution near the probe, but to leave 
the surface of the solution undisturbed. 

Dissolved oxyglen probes are relatively free of interferences. Interferences that can occur are 
reactions with (oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide which are not 

0334901 
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easily depolarized from the indicating electrode. If the gaseous interference is sus~Kttd, it shall be 
noted in the field log book and checked if possible. Temperature variations can also cause 
interference because probes exhibit temperature sensitivity. Automatic temperature compensation is 
normally provided by the manufacturer. 

5.4.3 Eauiument 

The following equipment is needed to measure dissolved oxygen concentration: 

0 YSI Model 56 dissolved oxygen monitor or equivalent. 
l Dissolved oxygen/temperature probe for above monitor. 
l Sufficient cable to allow the probe to contact the sample. 

5.4.4 Measurement Techniaues for Dissolved Oxvaen Determination 

Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an accurate 
reading. The following general steps shall be used to measure the dissolved oxygen concentration: 

The equipment shall be calibrated and have its batteries checked in the laboratory before 
going to the field. 

The probe shall be conditioned in a water sample for as long a period as practical before 
use in the field. Long periods of dry storage followed by short periods of use in the field 
may result in inaccurate readings. 

The instrument shall be calibrated in the field before each measurement or group of 
closely spaced measurements by placing the probe in a water sample of known dissolved 
oxygen concentration (i.e., determined by Winkler method) or in a freshly air-saturated 
water sample of known temperature. Dissolved oxygen values for air-saturated water can 
be determined by consulting a table listing oxygen solubilities as a function of temperature 
and salinity (see Attachment B). 

Immerse the probe in the sample. Be sure to provide for sufficient flow past the 
membrane, either by stirring the sample, or placing the probe in a flowing stream. Probes 
without stirrers placed in wells can be moved up and down. 

Record the dissolved oxygen content and temperature of the sample in a field logbook or 
sample log sheet. 

Recalibrate the probe when the membrane is replaced, or as needed. Follow the 
manufacturer’s instructions. 

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This 
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if 
a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen solubilization and positive test interferences. 

0334901 
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5.5 MBA5,URBMBNT OF OXIDATION-REDUCTION POTENTIAL 

5.5.1 General -- 

The oxidation-reduction potential (ORP) provides a measure Of the tendence of organic or inorganic 
compounds to ‘exist in an oxidized state. The technique therefore provides evidence of the likelihood 
of anaerobic &gradation of biodegradable organics or the ratio Of activities of oxidized to reduced 
species in the sample. 

5.5.2 Principles & EOUiDmeti heration 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed 
at that electrode depending on the ions present in the solution. If a reference electrode is placed in 
the same solution, an ORP electrode pair is established. This electrode pair allows the potential 
difference between the two electrodes to be measured and will be dependent on the concentration 
of the ions in solution. By this measurement, the ability to oxidize or reduce species in solution may 
be determined. Supplemental measurements, such as dissolved oxygen, may be correlated with ORP 
to provide a knowledge of the quality of the solution, water, or wastewater. 

5.5.3 Eauiplment 

The following equipment is needed for measuring the oxidation-reduction potential of a solution: 

l Accumet 150 portable pH meter or equivalent, with a millivolt scale. 
l Platmum electrode to fit above pH meter. 
l Referrence electrode such as a calomel, silver-silver chloride, or equivalent. 

5.5.4 Measurement Techniaues for Oxidation-Reduction Potential 

The followlng procedure is used for measuring oxidation-reduction potential: 

l The equipment shall be calibrated and have tts batteries checked before going to the field. 

l Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If 
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric 
acid, or chromic acid, in accordance with manufacturer’s instructions. 

l Thoroughly rinse the electrode with demineralized water. 

0 Verify the sensitivity of the electrodes by noting the change in millivolt reading when the 
pH olf the test solution is altered. The ORP will increase when the pH of the test solution 
decreases and the ORP will decrease if the test solution pH is increased. Place the sample in 
a clean glass beaker and agitate the sample. Insert the electrodes and note the ORP drops 
sharply when the caustic is added, the electrodes are sensitive and operating properly. If 
the ORP increases sharply when the caustic is added, the polarity is reversed and must be 
corrected in accordance with the manufacturer’s instructions. If the ORP does not respond 
as above when the caustrc is added, the electrodes shall be cleaned and the above 
procledure repeated. 

0 Aftemr the assembly has been checked for sensitivity, wash the electrodes with three 
changes of water or by means of a flowing stream of water from a wash bottle. Place the 
sample in a clean glass beaker or sample cup and insen the electrodes. Set temperature 



compensator throughout the measurement period. Read the millivolt potential of the 
solution, allowing sufficient time for the system to stabilize and reach temperature 
equilibrium. Measure successive ponions of the sample until readings On two Successive 
portions differ by no more than 10 mV. A system that is very slow to stabilize properly will 
not yield a meaningful ORP. Record all results in a field logbook, including ORP (to nearest 
10 mV), sample temperature and pH at the time of measurement. 

5.6 SPECIFIC ION ELECrRODE MEASUREMENTS 

5.6.1 General 

Use of specific ion electrodes can be beneficial in the field for determining the presence and 
concentration of dissolved inorganic species which may be associated with contaminant plumes or 
leachate. Thus, electrodes can be used for rapid screening of water quality and determination of 
water migration pathways. 

This procedure provides generic information for specific ion electrodes commonly used in 
groundwater quality monitoring programs and describes the essential elements of a field 
investigation program. Analytical methods using some specific ion electrodes have not been 
approved by the USEPA. In addition, calibration procedures and solutions, interferences and 
conditions and requirements for use for various electrodes vary greatly. Consequently, review of 
manufacturer‘s literature is mandatory prior to use. 

5.6.2 Principles Df EauiDment ODeration 

All specific ion electrode measurements involve the use of a reference electrode, a pH meter, and a 
specific ion electrode (SIE). When the SIE and the reference electrode are immersed in a solution of 
the ion to be measured, a potential difference is developed between the two electrodes. This 
potential can be measured by a pH meter and related to the concentration of the ion of interest 
through the use of standard solutions and calibration curves. 

Several different types of SIEs are in use: glass, solid-state, liquid-liquid membrane, and ga+wnsing. 
All of the electrodes function using an ion exchange process as the potential determining mechanism. 
Glass electrodes are used for pH measurement. The glass in the tip of the electrode actually acts as a 
semi-permeable membrane to allow solution. Solid-state electrodes replace the glass membrane with 
an ionically-conducting membrane, (but act in essentially the same manner) while liquid-liquid 
membrane elemodes have an organic liquid ion exchanger contained in the pores of a hydrophobic 
membrane. Maintenance of the conducting interface, in combination with a reference electrode, 
allows ComPktiOn Of the electrical circuit and subsequent measurement of the potential difference. 
Gas-sensing electrdtr have a membrane that permits the passage of gas only, thus allowing for the 
measurement of gas concentration. Regardless of the mechanism involved in the electrode, most SIES 
are easy to use under field conditions. The sensitivity and applicable concentration range for various 
membranes and electrodes will vary. 

Subject Numoer Page 

SF-l.1 11 of 16 
ONSITE WATER QUALITY TESTING Revision 

2 . 
Effectwe Date 

o5io4J9o 



,/ I Y (I . ,i,. ,, UY,, 

iUDJCCt NlJmDW Page 

SF-l.1 12 of 16 
ONSITE WATER QUALITY TESTING Rcvtslon 

2 
Effectwe Date 

05/04/90 

5.6.3 Eauipment 

The following equipment is required for performing quantitative analyses using a Specific iOn 
electrode: 

l A p:H meter with a millivolt scale, or equivalent. 
l The specific ion electrode for the parameter to be measured. A partial list of ions which can 

be measured includes cyanide, sulfide, ammonia, lead, fluoride and chloride. 
l A suitable reference electrode to go with the above SIE. 

Specific electrodes for other ions have also been developed, but are not widely used for field 
investigation efforts at this time. Note that of the specific electrodes referenced above, only fluoride. 
and ammonia have analytical methods approved by the U.S. EPA. 

5.6.4 Measurement Techniaues for Inorarnic Ions Usina Soecific Ion Electrodes 

Different types of electrodes are used in slightly different ways and are applicable for different 
concentration ranges. Following the manufacturer’s instructions, the general steps given below are 
usually followed: 

l Immerse the electrode in water for a suitable period of time prior to sample analysis. 

l Standardize the electrode according to the manufacturer’s instructions, including 
necessary chemical additions for ionic strength adjustment, etc. Standard solutions 
normally differ by factors of ten in concentration. Constant stirring is needed for accurate 
readings. 

0 Immerse the electrode in the sample. Allow the reading to stabilize and record the results 
in a site logbook. Stir the sample at the same rate as the standards. Air bubbles near the 
membrane shall be avoided, since this may cause interference in millivolt readings. 

(NOTE: Each SIE has substances which interfere with proper measurement. These may be eliminated 
using pretreatment methods as detailed by the manufacturer. It is important to know if interferences 
are present so that suspect readings may be noted as such.) 

l If the pH meter does not read out directly, plot millivolts versus concentration for the 
standards and then determine sample concentration. 

6.0 REFERENCES 

American Publlic Health Association, 1980. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition, APHA, Washington, D.C. 

U.S. EPA, 1979. Methods for Chemical Analvsis of Water and Wastes. EPA-600/4-7+020. 

U.S. Geoiogic~al Survey, 1984. National Handbook of Recommended Methods for Water Data 
Acauisition, Cihapter 5: Chemical and Physical Quality of Water and Sediment. U.S. Department of 
the Intertor, Reston, Virginia. 
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7.0 AlTACHMENTS 

Attachment A - Specific Conductance of KC1 Solutions at 25 degrees Centigrade 

Attachment B - Variation of Dissolved Oxygen Concentration in Water as a a Function of Temperature 
and Salinity. 
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ATTACHMENT A 

SPECIFIC CONDUCTANCE OF M KCI 
AT VARIOUS EMPERATURES 

I 
26 1,441 

27 1,468 
. 

28 1,496 
I 

29 1,524 

30 1,552 
, 

1 Data derived from the international Critical 
Tables l-3-B. 
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ATTACHMENT B 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION 
IN WATER AS A FUNCTION OF TEMPERATURE AND SAUNlTY 

Difference/l 00 mg chloride 
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ATTACHMENT B 
VARIATION 01: DISSOLVED OXYGEN CONCENTRATION 
IN WATER AS A FUNCllON OF TEMPERATURE AND SAUNITY 
PAGE TWO 

I Temperature by 
I I Dissolved Oxygen mg/l 

I 

“C 
cI ,,oride Concentration in Water 

1 chloride 
0 5,000 10,000 15,000 20,000 

Difference/100 mg 

I 25 I 8.4 8.0 7.6 7.2 6.7 0.008 

I 26 1 8.2 1 7.8 1 7.4 1 7.0 1 6.6 1 

8.1 7.7 7.3 6.9 6.5 0.008 

7.9 7.5 7.1 6.8 6.4 0.008 

7.8 7.4 7.0 6.6 6.3 0.008 

7.6 7.3 6.9 6.5 6.1 0.008 

7.4 

7.3 

7.2 

7.1 

7.0 

6.9 

6.8 

6.7 

6.6 

6.5 

6.4 I I 
6.3 

6.2 

6.1 I 
I I I I I 

5.8 

5.7 

5.6 

Note: In a chloride solution, conductivity can be roughly related to chloride concenration (and 
therefore used to correct measured D.O. concentration) using Attachment A. 
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1.0 PURPOSE 

This procedure describes the appropriate containers to be used for samples depending on the 
analyses to be performed, and the steps necessary to preserve the samples when shipped offsite for 
chemical analysis. 

2.0 SCOPE 

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, while many organic chemicals 
may dissolve various types of plastic containers. It is therefore critical to select the correct container in 
order to maintain the quality of the sample prior to analysis. 

Many water and soil samples are unstable, and therefore require preservation when the time interval 
between field collection and laboratory analysis is long enough to produce changes in either the 
concentration or the physical condition of the constituent(s) requiring analysis. While complete and 
irreversible preservation of samples is not possible, preservation does retard the chemical and 
biological changes that inevitably take place after the sample is collected. 

Preservation techniques are usually limited to pH control, chemical addition(s) and refrigeration/ 
freezing. Their purpose is to (1) retard biological activity, (2) retard hydrolysis of chemical 
compounds/complexes, (3) reduce constituent volatility, and (4) reduce adsorption effects. 

3.0 GLOSSARY 

HCI - Hydrochloric Acid 
H2SO4- Sulfuric Acid 
HN03 - Nitric Acid 
NaOH - Sodium Hydroxide 

Normality (Nk Concentration of a solution expressed as equivalent per liter, an equivalent being the . 
‘amount of a substance containing one gram-atom of replaceable hydrogen or its equivalent. Thus, a 
one molar solution of HCI, containing one gram-atom of H, is ‘one-normal,” while a one molar 
solution of H2SO4 containing two gram-atoms of H, is “two-normal.. 

4.0 RESPONSIBILITIES 

Field Ooerations Leader - 
samples. 

retains overall responsibility for the proper storage and preservation of 

responsible 
During the actual collection of samples, the sampling technician(s) will be directly 

for the bottling, preservation, labeling, and custody of the samples they collect until 
released to another party for storage or transport to the analytical laboratory. 

5.0 PROCEDURES 

5.1 SAMPLE CONTAINERS 

For most samples and analytical parameters either glass or plastic containers are satisfactory. tn 
general, if the analytels) to bc determined is organic in nature, the container shall be made of glass. 
If the analyte(s) is inorganic, then the container shall be plastic. Since container specification will 
depend on the analyte and sample matnx types (as indicated in Attachment A) duplicate samples 
shall be taken when both organic and inorganic analyses are required. Containers shall be kept in the 
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dark (to minimize biological or photooxidation/photolysis breakdown Of COnStitUent) Until they reach 
the analytical laboratory. The sample container shall allow approximately S-10 percent air space 
(“ullage”) to allow for expansion/vaporization if the sample is heated during transport (1 liter of 
water at 4~ expands by 1 S ml if heated to 130°F/SS’C), however, head space for volatile Organic 
analyses shall be omitted. 

For CLP laboratories, containers will be obtained through the CLP Sample Management Office. For 
Responsible party actions or non-CLP laboratories, the laboratory shall provide containers that have 
been cleaned according to U.S. EPA procedures. Suffkient lead time shall be allowed. Shipping 
containers for samples, consisting of sturdy ice chests, are provided by the laboratory of the remedial 
investigation contractor. 

Once opened, the container must be used at once for storage of a particular sample. Unused but 
opened containers are to be considered contaminated and must be discarded; because of the 
potential for introduction of contamination, they cannot be reciosed and saved for later use. 
Likewise, any unused containers which appear contaminated upon receipt, or which are found to’ 
have loose caps or missing Teflon liner (if required for the container) shall be discarded. 

General sample container and sample volume requirements are listed in Attachment A. Specific 
container requirements are listed in Attachment B. 

5.2 PRESERVATlON TECHNIQUES 

The preservation techniques to be used for various anaiytes are listed in AttachmentsA and B. 
Reagents required for sample preservation will either be added to the sample containers by the 
laboratory pnor to their shipment to the Field or added in the Field. in general, aqueous sample of 
low concentration organic5 (or soil samples of low or medium concentration organi& are cooled to 
4°C. Medium concentration aqueous samples and high hazard organics rampie are not prewwd, 
LOW concentration aqueous samples for metals are acidified with HN03, while medium concentration 
and high hazard aqueous metal samples are not preserved. Low or medium concentration soil 
samples for metals are cooled to 4’C while high hazard samples are not prewwed. 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and B indicate the specific anaiytes which require these preewatives. 

5.2.1 Addition of Acid (H~SOA, HCI. or HNOp) or Base 

Addition of the following acids or bases may be specified for sample preservation; these reagents 
shall be analytical reagent (AR) grade and shall be diluted to the required concentration with double- 
distilled. deionized water in the laboratory, before Field sampling commences: 
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I Acid Base 
I 

Concentration I Normality 
I 

Amount for 
Acidification* I 

1: 1 dilution of concentrat+d HCI 

1: 1 dilution of concentrated HzSO4 

Undiluted concentrated HN03 

400 grams solid NaOH in 870 ml water 

I 
6N S-10 ml 

18N 2-5 ml 

16N 2-5 ml 

10N 2 ml** 

l Amount of acid to add (at the specified strength) per liter of water to reduce the sample 
pH to less than.2, assuming that the water is initially at pH 7, and is poorly buffered and 
does not contain pafiiculate matter. 

l * To raise pH of 1 liter of water to 12. 

The approxima,te volumes needed to acidify one liter of neutral water to a pH of less than 2 (or raise 
the pH to 12) are shown in the last column of the above table. These volumes are only approximate; 
if the water is more alkaline, contains inorganic or.organic buffers, or contains suspended particles, 
more acid may be required. The final pH must be checked using narrow-range pH paper. 

Sample acidification or base addition shall proceed as follows: 

l Chec:k initial pH of sample with wide range (O-14) pH paper. 

a Fill sample bottle to within 5-10 ml of final desired volume and add about l/2 of estimated 
acid or base required, stir gently and check pH with medium range pH paper (pH O-6 or 
pH 7.514, respectively). 

l Add acid or base a few drops at a time while stirring gently. Check for final pH using 
narrow range (O-2.5 or 11-13, respectively) pH paper; when desired pH is reached, cap 
sample bottle and seal. 

Nev& dip pH paper into the sample; apply a drop of sample to the pH paper using the 
stirring rod. 

5.2.2 Preservation Cyanide 

Pre-sample preservation is required if oxidizing agents such as chlorine are suspected to be present. 
To test for oxidizing agents, place a drop of the sample on KI-starch paper; a blue color indicates the 
need for treatment. Add ascorbic acid to the sample, a few crystals at a time, until a drop of sample 
produces no color on thi K&arch paper. Then add an additional 0.6 g of ascorbic acid for each liter 
of sample volume. Add NaOH solution to raise pH to greater than 12 as described in 5.2.1. If 
oxidizing agents are not suspected, add NaOH as directed. 

5.2.3 Sulfidle Preservation 

Samples for sulfide analysis must be preserved by addition of 4drops (0.2 ml) of 2N zinc acetate 
solution per 100 ml sample. The sample pH is then raised to 9 using NaOH. The 2N zinc acetate 
solution is made by dissolving 2209 of zinc acetate in 870 ml of distilled water to make 1 liter of 
solution. .L- 
3334901 
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I 5.2.4 Preservation of Oroanic Samples Containina Residual Chlorine 

Some organic samples containing residual chlorine must be treated to remove this chlorine upon 
collection (See AttachmentA). Test the samples for residual chlorine using EPA methods 330.4 or 
330.5 (Field Test Kits are available for this purpose). If residual chlorine is present, add 0.008% sodium 
thiosulfate (80 mg per liter of sample). 

5.2.5 Field Filtration 

When the objective is to determine concentration of dissolved inorganic constituents in a water 
system, the sample must be filtered through a non-metallic 0.45 micron membrane filter immediately 
after collection. A filtration system is recommended if large quantities of sampies must be filtered in 
the field. The filtration system shall consist of a BQchner funnel inserted into a single-hole rubber 
stopper, sized to form a seal when inserted into the top of a vacuum filter flask equipped with a 
single side arm. Heavy-wall Tygon tubing shall be attached to the single side arm of the vacuum filter 
flask and the suction port of a vacuum pump. The stem of the Buchner funnel shall extend below the 
level of the side arm of the vacuum filter flask to prevent any solvent from entering the tubing 
leading to the vacuum pump. Before filtration, the fitter paper, which shall be of a size to lay flat on 
the funnel plate, shall be wetted with the solvent in order to “seal. it to the funnel. Slowly pour the 
solvent into the funnel and monitor the amount of solvent entering the vacuum filter flask. When 
the rate of solvent entering the flask is reduced to intermittent dripping and the added aliquot of 
solvent in the funnel has passed through the filter, the used filter paper shall be replaced with new 
filter paper. If the solvent contains a high percentage of suspended solids, a coarser-sized 
nonmetallic membrane fitter may be used prior to usage of the 0.45 micron membrane filter. This 
“prefiltering’ step may be necessary to expedite the filtration procedure. Discard the first 20 to 50 ml 
of filtrate from each sample to rinse the filter and filtration apparatus to minimize the risk of altering 
the composition of the samples by the filtering operation. For analysis of dissolved metals, the filtrate 
is collected in a suitable bottle (see Section 5.1) and is immediately acidified to pH 2.0 or less with 
nrtrlc acid whose purity is consistent with the measurement to be made. Inorganic anionic 
constituents may be determined using a portion of the filtrate that has not been acidified. 

Samples used for determining temperature, dissolved oxygen, Eh, and pH should not be filtered. Do 
not use vacuum filtering prior to determining carbonate and bicarbonate concentration because it 
removes dissolved carbon dioxide and exposes the sample to the atmosphere. Pressure filtration can 
be done using water pressure from the well. If gas pressure is required, use an inen gas such as argon 
or nrtrogen. 

Do not filter samples for analysis of volatile organic compounds. If samples are to be filtered for 
analyzing other dissolved organic constituents, use a glass-fiber or metal-membrane filter and collect 
the samples in a suitable container (see Section 5.1). Because most organic analyses require extraction 
of the entire sample, do not discard any of it. After filtering, the membrane containing the 
suspended fraction can be sealed in a glass container and analyzed separately as soon as practicable. 
Total recoverable inorganic constituents may be determined using a second, unfiltered sample 
collected at the same time as the sample for dissolved constituents. 
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6.0 REFEiRENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater. 15th Edition. APHA, Washington, D.C. 

U.S. EPA, 1984. ‘Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act. l Federal Register, Volume 49 (209), October 26,1984, p. 43234. 

U.S. EPA, 197!3. Methods for Chemical Analvsis of Water and Wastes. EPA-600/4-79-020. U.S. EPA- 
EMSL, Cincinn’ati, Ohio. 

7.0 AITACH MENTS 

Attachment A - General Sample Container and Preservation Requirements CERCWRCRA Samples 

Attachment B - Required Containers, Preservation Techniques, and Holding Times (3 sheets) 
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DECONTAMINATION SF-2.3 2of4 

OF CHEMICAL SAMPLING AND Revtslon 
FIELD ANALYTICAL EQUIPMENT 1 

Effectlve Date 
05/04/90 

1.0 PURPOSE 

The purpose of these procedures is to provide a general methodology, protocol, and reference 
information1 on the proper decontamination procedures to be used on chemical sampling and field 
analytical equipment 

2.0 SCOPE 

This procedure addresses chemical sampling and field analytical equipment only, and should be 
consulted when equipment decontamination procedures are being developed as part of project- 
specific planis. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBIUTIES 

Site Manaaec- responsible for ensuring that project-specific plans and the implementation of field 
investigations are in compliance with these guidelines. 

Field Ooerations Leader - responsible for ensuring that decontamination procedures for all chemical 
sampling and field analytical equipment are programmed prior to the actual field effort and that 
personnel required to accomplish the task have been briefed and trained to execute the task. 

5.0 PROCEDURES 

In order to assure that chemical analysis results are reflective of the actual concentrations present at 
sampling locations, chemical sampling and field analysis equipment must be properly 
decontammated prior to the field effort, during the sampling program (i.e., between sample points) 
and at the conclusion of the sampling program. This will minimize the potential for cross- 
contamination between sample points and the transfer of contamination offsite. 

This procedlure incorporates only those aspects of decontamination not addressed in other 
procedures. Specifically it incorporates those items involved in decontamination of chemical 
sampling and field analytical equipment. 

5.1 ACCESS FOR SAMPLING 

5.1.1 Bailen and Bailina Line 

The potential for crosl-contamination between sampling points via the use of common bailer, or its 
attached line, is high unless strict procedures for decontamination are followed. It is preferable, for 
the aforementioned reason, to dedicate an individual bailer and its line to each sample point, 
although this does not eliminate the need for decontamination of dedicated bailers. For 
non-dedicated sampling equipment, the following conditions and/or decontamination procedures 
should be followed. , 
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EffeCbve D4te 
osmno 

Before the initial sampling and after each succeeding sampling point, the bailer must be 
decontaminated. The following steps should be followed if sampling for organic contaminants: 

0 
0 
0 

Potable water rinse 
Alconox or Liquinox detergent wash 
Scrubbing of the line and bailer with a scrub brush may be required if the sample point if 
heavily contaminated with heavy or extremely viscous compounds 
Potable water rinse 
Rinse with 10 percent nitric acid solution* 
Deionized water rinse 
Acetone or methanol rinse 
Hexane rinse** 
Distilled/Deionized water rinse 
Air dry 

If sampling for otganics only, the nitric acid, acetone, methanol, and hexane rinses may be omitted. 
Contract-specific requirements may permit alternative procedures. 

Braided nylon or polypropylene lines may be used with a bailer, however, the same’line must not 
come in contact with the sample medium, otherwise, the line must be discarded in an approved 
receptacle and replaced. Prior to use, the bailer should be wrapped in aluminum foil or polyethylene 
sheeting. 

5.1.2 Samplina Pumps 

Most sampling pumps are normally low voiume (less than 2 gpm) pumps. These include peristaltic, 
diaphragm, air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling 
from more than one sampling point, they must be decontaminated. 

The procedures to be used for decontamination of sampling pumps compare to those used for a 
bailer except the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped 
through the system. The amount of pumping is dependent upon the size of the pump and the length 
of the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes. 

An additional problem. is introduced when the pump relies on absorption of water via an inlet or 
outlet hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics 
into the water being sampled (especially the phthalate esters) or adsorb organics from the sampled 
water. For all other sampling, the hose should be Viton, polyethylene, or polyvinyl chloride (in order 
of preference). Whenever possible, dedicated hoses should be used. 

l Due to the leaching ability of nitric acid, on stainless steel, this step is to be omitted if a stainless 
steel sampling device is being used and metals analysis is required with detection limits less than 

l * 
approximately 50 ppb; or the sampling equipment is dedicated. 
If sampling for pesticides, PCBs, or fuels. 
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5.1.3 - Filterina Eauipment 

Part of the sampling plan may incorporate the filtering of groundwater samples, and subsequent 
preservation. This should occur as soon after sample retrieval as possible; preferably in the field as 
soon as the sample is obtained. To this end, three basic filtration systems are most commonly used - 
the in-line disposable Teflon filter, the inert gas over-pressure filtration system, and the vacuum 
filtration system. 

_.. For the in-line filter, decontamination is not required since the filter cartridge is disposable, however, 
the cartridge must-be disposed of in an approved receptacle and the intake and discharge lines must 
still be decont.aminated. 

- 

L 

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in 
contact with the sample must be decontaminated as outlined in the paragraphs describing the 
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. 
There’filtration systems are preferred when decontamination procedures must be employed.) 

5.2 FIELD ANALYTKAL EQUIPMENT 

5.2.1 mr Level lndicaton 

_- Water level indicators that come into contact with groundwater must be decontaminated using the 
following steps: 

-- 

?-. 

l Rinse with potable water 
l Rinse with deionized water 
0 Acetone or methanol rinse 
0 Rinse with deionized water 

Water level indicators that do not come in contact with the groundwater but may encounter 
incidental contact during installation or retrieval need only undergo the first and last steps stated . 
above. 

5.2.2 Prokbs PL 

Probes, e.g., pH or specific ion electrodes, geophysical probes, or thermometers which would come in 
direct contact with the sample, will be decontaminated using the procedures specified above unless 
manufacturer’s instructions indicate otherwIse; in those cases, the methods of decontamination must 
be clearly described in the FSAP. Probes that contact a volume of groundwater not used for 
laboratory analyses can be rinsed with deionized water. For probes which make no direct contact, 
e.g., OVA equipment, the probe will be wiped with clean paper-towels or cloth wetted with alcohol. 

6.0 REFERENCES 

c- None. 

7.0 RECOlRDS -- 
I None. 
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7.2 Drive the sampler with blows from the MO-lb f63.5- 
kg) hammer and count the number of blows appkl in each 
6-m (0.15-m 1 locmnatt until one of the follow@ oaum 

7.2.1 A total of 50 blow ban been e duktg any 
one of the thlw Ml. (0.15-m ) iocrrmco udaalocdio 7.1.4. 

7.22 Atotalof 1OOWowshrvckcn8&ai. 
7.2.3 There is oo obrvcd advaoce of tk sampier during 

the 8ppbataoo of 10 succBwcblowsoftbchunmcr. 



m 
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7.2.4 The sampk is advanced the annplac 18 in (0.45 
m)wirhoutcbclimiagblowanmts~~- 
in 731.7.2.2 or 7.23. 

7.3 Rmndthtnumkofblom~to~aeh6 
in. (0.15 ml of PIIcmtion ork&ont&u&Tbekst6in. 
~~tobersMngdrive.Thesumoftbenumberof 
biousrequirdfortbtsaxmdaadchird6ia.of~~is 
~thc’sm&rdpnetrrrionrrrisprrec”ortbe 
“.sraiuc”lftbesa@erisdrivcoleuthw 18ilL(O.45mt. 
as penmual in 72.1. 72.2. or 723. tbc number of blows 
per cab compke 6-k. (0.15-m) inacmatt and per easb 
parttaIinaema~Wbercawaiootheboringbg.For 
parod inaemeno. the depth of peneuation Mkrcponed 
tothenarrn1in.r~mm),inPdditioolotheoumkrof 
blowsvIftbesampteradnnceshel~tbehottomofthe 
bonogooderthesuucwcightofttJemrodsor~welgkt 
oftbedriUro&piUsthestaticwightoftheb8mtDt!r.this 
idOfmaU00 should be noted on the boring I0g. 

7.4 The dsmg sod dmpiog of the 14OAb (635&g) 
haouoa shall he aaompiisbai tsmg eitkr of the foliowing 
two methods 

Y.4.1 By usiog a trip, automanc. or semi-automutc 
hammer drop sytan which lifis the 140.lb (63.5&g) 
bantmerandailontttodrop30f l.Oin.10.76m+.25mm~ 
ummpedaL 

7.42 By usmg a athmd to pdl a rope attachal to the 
hammer.Wbeothecatkudaodropetocthadistualthe 
sysmo aod openooo shalt cooform to the followtng 

-2L2.1 -rhccathmdshaukuseo~vfrrtoirusLou.or 
gnmeandhavea dkoetermthcranpdi6to lOin.rl50to 
‘50 mm,. 

7.U.4 The uthmd should be opaated at a minimUm 
speed oi rounoo oi 100 RPM. or the apprtwmau speed of 
rouoon shall be nqorud 00 the boring log. 

7.4.2.3 No more thao 2% rope twos 00 the ahead may 
beuseddunogtheperkmaoce of the peoetntloo ta a 
shownmFig 1. 

7.42.4 For UCII haomer blow. a X-in. (0.76-m) lift and 
drop shall be tmumti by the o#ntor. The operauon oi 
pulling ;md thnmng the rope shall he petdtncd rhythm+ 
ully shout holding the rope 8t the too of the suuke. 

T.5 Bring the samptcrto the surtkce and opeo. Record the 
wmmt rccovcfy or me tagth oirunok rccovctd. Dcscnk 
:he soil satnotes rccowd as to compostton. color. stmuti- 
muon. ;LDa cooaiuaa. the0 place one or more rrprrnnuttve 
pofuons oi thi: vmdc Into sdahk mo~rmre-pmoi COO- 
uioers yam whom mototng or duumog soy apparent 
s~utiuuon. Seal ucn contatoer IO prevent cvaporauon oi 
sod moL%uLrC. ati hb& 10 thhe COOwOm bUMg JOb 

1. asar 
8.1 DriUiq~ iohdon ab,ll be d io the tield a@ 

sulhchIdetkfolbing 
8.1.1 Namcutdloanoo ofjob. 
8.13 Names of arr. 
8.13 Typcattdmtbcofddiingmlrhinr m 
8.1.4 WatbcondWos 
8.1.5 T)acandtimeofstatxand&tisbofborin& 
8.1.6 Botiog number sod Joatioo @utioo sod cooflm 

oaebifa~8odappuabk), 
8.1.7 Surfrot eiemia ifmaihbk 
8.1.8 Mulmd d&anciog and daoing tic bon% 
8.1.9 Metboddka@~~bariqopa~ 
8.1.10 Depth of rvrm sdcc 8~4 ddliag de@ at @ 

timcdr0omdlasldddlingtluifka0dtit0eaoddauwner 
‘cpllirua ltodoamrmdt. 

8.1.11 LocJthdsuam~ 
8.1.12 sizdcak&&g&ofcaadpolLiooofborin& - 
8.1.13 Eqo@attaadmuhodddtiving#antpk. 
8.1.14 Typ w tld lengtb ad inside ddteter o 

bard(OOEUrdliWXS). 
8.1.15 Sizcryp,andsazioo~dtbeaampUog~ 

aod 
8.1.16 - 
83Danobaidf&rucbsampksballk- I 

fiddaods&uinduktbe~ 
8.2.1 SampledcpthmbifotiUzd,thc~number. 
82.2 DeskpkoofsdL 
8.2.3 Seata chwga witho stow 
a.4 sampkpuutnwo J-drspDvayImghr.J- - 
8.25 Numkr of blow pr 6-in (0.15-m) or pand 

increment 

9.-dBhr m 
9.1 vari8tioasinN-v8iUaof1OO%ororbavebeen 

observedwiuouaiogdifi~tat8odmdpmanaootesc 
appvrarrmddIitknfornijacwtbcmoglmcheswusall 
forulanoo. curreot OpmioP brad on 6&i upencacc~ 
iadicuatbatwhatttsngthcmaw~ aoddriua. 
X-alum in tbc same soti can be lcpodwdwittlacw%i- 
aentof-oofaboUt 10%. 

5.2 The Use of tautly equIpmalL such as an uucmely II 
J=nVeOtdwugrdmvll.anutyaihrvlalowspec!d 
crrbadwdd.oilyrapcor mrm*ctX~lUbricpted 
rOPshuvuaaaigmiaodyammbote to clifkmlces to 
~v-nlues obraioed bemwo -M*sYsmlu I 

9.3 TbevatubdityioN-vduerptudwdbydi&rrntdnLl 
ns3aodopenammaykmhudby m=uringthripanoi 
the hamolcr atergy ddivcd into the drill rods from the 
YmplcT aod adjosttog N 00 the basis of com~taw~ 
cnerga.Amethodforcnugym ewuemcot sod Iv-vahc 
iuWumeot u amwrly uoder devdopmmt 



:! 

i1 

:1 

1. 

. . 

.- 



APPENDIX B 

FIELD INVESTIGATION FORMS 
NSB-NLON, SUBASE-NEW LONDON 

GROTON, CONNECTICUT 



~HALLIB~N NUS 
SAMPLE-LOG SHEET 

~Entrironnrantd Copomtion Monnonng Well Data 
Domwuc Well Datt 
other 

P8Qt of m- 

case* 

Pmjm site Name 
NUS source No. 

Total Well Dtoth: 
Well Casmg Size 6 Depth: 

st8uc Water ttvd: 
One CIsina Volume: - 

Stan Pumt (hn.1: 
End Pumt (hn.1: 
Total Pumt Time (mm.): 
Total Amount Pumte (ot1.1: 
Monnor Rtaolng: 

Puree Mttned: 
samae Metnod: 
Dcom SamDIed: 
Sampit Dire &Time: 

Sampttd By: 

SlgnaturcW: 

Project Site Number 

Source Location 

Pumt Dau 
Volume I otl I S.C. lttma. K)t Color a Turbtditv 

1 I I I 
I I I 

I I 1 I I 
I I 1 

t I I 
I I I I 

1, I I I 

I 

I I I I 
I I I I 
I I I 1 

I I I I 
I 

Srmort Data 
OH I S.C. I Tcmo. tot) Color 6 Turbwtv 

I I 
Obrervattons / Notes: 

Typo of Sampra 

IJ Low Concentration 
8 ;;:; Conctntrauon 

0 Comooutt 
0 Crab - Compornt 

Lnaivsts: 
1 

! Prtscrvatlvc I I , I 
I I I I 1 
I I I I 

I I I 
I I I I I 

I I ! 
I t I I 

I I 
I I I 

I I I 

.I --“., ..--. 



~~HALLBURTON NUS 
.<rF Enzwmmenfal Corporarlon 

SAMPLE LOG SHEET 
Page of -- 

0 Surface SolI -. 
0 Suorurface Soil Case d 

a Sediment - 
0 Lagoon t Pond BY 
LJ Other 

I”“> J”“I cs I”Y. 

Projec: Site Name 
\,I IC Cr.*,rra h!c. 

Sample Metnoo: 

3eprh’Sampled: 

sample Date b Time: 

dVY.LC b”B”..W.. 

Project Site Number 
CnllPrP I nratrnn 

Comoowe Samcre Data 

Samole I Time 1 Coior / Descrlorlon 

I 

t / 

jampied By: 

3gnatureW: 

Type of Sample 

T; Low Concentration 
2 high Concentration 
Q Crab 
G Composite 
z Grab - Composite 

Ynalvsrs: GC~WV. 

I 

Samoie Data 
Color Descnptlon: (Sane, Cay, Drj, MO%. Wet, etc.1 

Observations / Notes 

Traffic Reoon * 1 

Tag # 

Oqanfc lnorqanlc 

I 
1 

A0 # I 
4 

Date Shlooea 

Time Shlooed I 

La0 I 
I 

Volume 



/., /,, ./ I, ,W, I 

BORING LOG 
, HaIhrtonNus 

JQOJECT. . 3oRINC NO 
JQOJECT NO.. 
EtEVAflON: 
WATER LEVEL 3ATA 

(Date. iimc 8 C~ndrttons~ 

. 3AZ: MILLEX. 
iiEL3 GECLCGIST 

I I H 

! I 
1 

I i 

I I I I I 

I I 
i 

I I I I 1 

REMARKS 
BORING 



WELL NO.: 

OVERBURDEN 
MONITORING WELL SHEET 

7YPE OF SURFACE SEAL: 

hJE Of PROTECTIVE CASING: 

I.D. OF PROTECTIVE CASING: 

BOREHOLE DIAMETER: 

TYPE Of RISER PIPE: 

RISER PIPE I.D.: 

TYPE of BACKflLL/SEAL: 

DEPTH/ELEVATION TOP OF SAND: 

DEPTH/ELEVATION TOP OF SCREEN: 

TYPE Of SCREEN: 

SLOT SIZE s LENGTH: 

TYPE OF SAND PACK: 

DEPTH/ELWATlON BOTTOM OF SCREEN: 

DEPMfitiVAnCbJ BOnOt.4 of SAND: 

DEP?4/ELfVAnON BOTTOM OF HOLE 



PROEm NWE: .* VG NQ: ................ .................................................... ..................................... 

PRWXT ND.: ................................................. -QsT: ............................................................................... 

m IXAht~ s~tw ma/D= ....................................... 1En Nk ....................... 

STARc WATER m (Dlpth/Dwrth): ................................................................... DATE ... ..... 

TEST v (fWhg/hllh@oMant Ha+ ................................................ WE-3 ................ ... 

WIHW OF INDUUNC WATER LEML MANGE ...................................................... PACE m 

pf. m & LIEAs. (Top of C&Q T-m, ate): _...._.__....._.._................................... 



DA11 Y ACTlVITlES RECORD - FIELD INVESTIGATION HNUS ] 

PROJECT NAME: PROJECT NO.: 1 

I 

CLIENT: 
DATE: 

CONTRACTOR: 

BORING NO.: 

ITEM (1) 

LOCATION: 

ARRIVAL TIME: DEPARTURE TIME: 

DRILLER: 

NUS REPRESENTATIVE: 

ORiGINAL PREVIOUS CUMULATIVE 
QUANTITY (2) QUANTITY (2) TOTAL (2) QUANTITY (2) 

ESTIMATE TODAY QUANTITY TO DATE 

I I I I I 
i 

COMMENTS: 

(1) AS LISTED IN SPECS 
(2) INCLUDE QUANTITY AND UNITS 

(Ex. 20 ft., 6 hn.) APPROVED BY: 

NUS FIELD REPRESENTATIVE 

DRILLER OR REPRESENTATIVE 

m 

II 

m 

m 

I 

I 

m 

a 

m 

m 

m 

m 

m 

m 

J 



~iUALLIBURTON NUS 
.Gbw Environmental Corporation 

EQUlPklEtiT CALIUMTION IBG 

Instrument (Nare/Hodel No./Serial No.): 

Manufacturer Date Purchased 

Calibration Initial Standard/Gas Adjustment@ Final 
S ttina 

Ie aI 
Ueed Procedure Made ‘. Setttncm Slcmature Comments 

I I I I I 

I I I I I I I 

I I I I I I . I 

I I I .I I I 

I I I I I I I 

I I I I I I I 

I I I I I I 

I ] 
I 

I 
I I I I *I I I 

I I I I I I I 

I I I I I @I I 

I I I I I I I 

I I I I I I I 

I I I I I I 

I I I I . I k---A 

I I I I 
- 



OIJNDWAIER IEVR.T w NlJS CORPORAllON 

Project Name: 
Project No.: 
Personnel: 
Date: 
Tidally Influenced: Yes No 

Location: 
Weather Conditions: 
Measuring Device: 
Remarks: 

Well or 
lhzometer Date/lime R%~& 

wutuLowl Adjustted Groundwater 

Number l?-xp 
Correction 

Factor Dwh Uwation 
(Feet)* (Feet)* 



NUS CORPORATION CHAIN OF CUSTODY RECORD 

PROJECT NO.: 1 SITE NAME: I 

I 
SAMPLERS (SIGNATURE): 

NO. 

I 
RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIQNATURE): 

I 
I 

REUNOUlSHEd BY (SIGNATURE): DATE/TIME: RECEIVED FOR LABORATORY BY 

I 
BIGNATURE): 

NUS4403404M 

REMARKS 

RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY (SIQNATURE): 

I 
I 

IELINOUISHED BY (SIONATURE): DATE/TIME: RECEIVED BY (SIGNATURE): 

I 
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